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1.0 INTRODUCTION

This report describes efficiency testing of power plant equipment for
Intermountain Power Project Unit 2. It covers performance results, sample
calculations, and data related to the eight test runs. The tests were
conducted from May 11, 1987 through May 16, 1987. The unit was first
synchronized in February 1987. The following groups of personnel assisted
in and observed the tests.

Black & Veatch

General Electric

Intermountain Power Project Startup

Intermountain Power Service Corporation

Los Angeles Department of Water and Power

These tests were conducted to evaluate overall generating station and
equipment performance. General Electric test data were used in determining
the net turbine heat rate, condenser, fesdwater heater, and boiler feed
pump performance.

In addition to determing acceptability of equipment performance, the
tests provide IPSC with bench mark data. Subsequent periodic tests on the
unit can be compared with this bench mark data to reveal equipment wear or

deterioration of performance from other causes,
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2.0 SUMMARY AND CONCLUSIONS

< 2.1 TURBINE GENERATOR .
The turbine~generator heat rate at 820 MW was determined by straight

= line interpolation between the corrected test heat rates for the third and
fourth valve point tests and subtracting the differential heat rate between
the straight line and design curve, in accordance with the contract. This
resulted in a heat rate of 7,786 Btu/kWh, by the chstomer definition (1 percent
condensate,makeﬁp), and is 0.5 percent better than the manufacturer's guaraﬁtee
heat rate of 7,826 Btu/kWh., (Heat rates include power to booster boiler

feed pumps.)

2.2 BOILER FEED PUMP TURBINES
The boiler feed pump turbines were not set at a specific valve point.
This prevents finding corrections to calculate boiler feed pump turbine

performance.

2.3 BALANCE OF PLANT

Data obtained from the above tests, along with concurrent station
instrument data, were used to evaluate the performance of various equipment
in the piant cycle, and to determine what equipment needs additional testing.

The results are summarized as follows.

2.3.1 Surface Condenser

While the hood pressures were excessive in earlier tests, the performance
factors of heat transfer coefficient and cleanliness were deficient only in
Hood B (IP Condenser 1B).

Higher than expected condenser hood pressures indicated air imfiltration
into the condenser. Leaks were located and eliminated or reduced for the
final two turbine tests. Test 9, when compared with Test 3, exhibits sub-

o stantially reduced pressures in Condenser Hoods A and B (HP Condenser 1A

and IP Condenser 1B). It is most likely that the elimination of air infiltra-

- tion will produce expected ccndénser‘performance.
112487
9255291 2~}
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2.3.2 Feedwater Heaters

411 of the feedwater heaters with the exception of LP Heater 1C, which
had high shell pressure readings, had better than guaranteed subcooler
approach temperature differentials, and terminal temperature differentials

closely comparable to guarantees.

2.3.3 Main Boiler Feed Pumps

The efficiencies of Boiler Feed Pumps lA and 1B were 80.55 and
83.18 percent, respectively, as determined from the torque monitoring system
data. Boiler Feed Pump 1B discharge pressure dats was taken from the
Information Computer. While it would appear that the guaranteed pump
efficiency of 87 percent was not met, the test speeds for the pumps were
significantly different from the rated speed. Further testing at the rated

pump speed is required for accurate comparison.

112487 §
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3.0 TEST RESULTS

3.1 GENERAL

General Electric test data and Information Computer datas, when required,
were used in the performance calculations. Test cyecle heat balances,
Figures 3-1 through 3-8, are based on heat balance calculations around the
high-pressure heaters and deaerator, using a calibrated condensate flow
section to determine boller feedwater flow and subsequently main steam and

reheat steam flows.

3.2 TURBINE GEHERATOR

The measure of the turbine-generator's performance is the net turbine
heat rate. The turbine-generator performance was guaranteed on a "customer
definition" heat rate basis. The customer heat rate was calculated by
dividing the corrected heat input by the corrected generator cutput.

Table 3-1 is a summary of the customer definition turbine heat rates
and corrected loads. Figure 3-9 shows the turbine heat rates determined
from the tests and manufacturer's predicted heat rates. The test heat
rates were corrected using ASME PTC 6.0 Group I and Group I corrections.
The'Group II correction curves are included in Section 6.0 of this report.

The test net heat rate is calculated by d}viding the total heat input
by the net generation. Figure 3-10 is a graphical representation of the
test net heat rate versus net generation. There was no attempt to draw a
curve through these data points due to data scatter. Lower heat rates sre
indicative of higher steam temperatures and pressures and lower condenser
hood pressures. A summary of the test net heat rates is shown in
Table 3-2.

Turbine stage efficiencies were determined by dividing the available
energy in the steam by the isentropic expansion heat content of the sﬁeam.
Table 3-3 shows a summary of the stage efficiencies for each test.

A Willins Curve, throttle flow versus gross generation, is shown on
Figure 3~11. Table 3~4 shows a summary of the throttle flows and ErOss

generator output.

112487
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3.3 CONDENSER
The condenser heat transfer coefficient is calculated by dividing the
heat rejected from the condensate by the area of the surface condenser and
the log mean temperature difference of the circulating water. This value
is then corrected for circulating water inlet temperature. The cleanliness
factor is found by comparing the actual corrected heat transfer coefficient
with a manufacturer—defined minimum cleanliness heat transfer coefficient.
The heat transfer coefficient and cleanliness factor for each condenser
hood were calculated for the VWO tests and are shown on Table 3~3 az &

comparative tabulation of condenser performance.

-3.4 FEEDWATER HEATERS

Heater performance ig generally measured by the terminal difference
and subcooler approach temperatures. Graphical representations of the
heater performances which illustrate terminal difference and subcooler
approach temperatures varying with load are shown in Figures 3~12 through
3-22, o |

Table 3-6 shows the comparative closed feedwater heater performance.
A summary of the terminal difference and subcooler approach temperatures is

shown in Table 3~7.

3.5 BOILER FEED PUMPS

Boiler feed pump efficiency is calculated by multiplyving the developed
head by the volumetric flow and specific gravity of the water pumped and
dividing by the horsepower input and appropriate conversion factors., Relative
performance is calculated by dividing the corrected developed head by the
expected developed head. Expected developed head is a function of corrected
volumetric flow. Information Computer pump discharge pressure for Boiler
Feed Pump 1B was used in the caleculations.

Table 3-8 is a comparative tabulation of boiler feed pump performance.
Table 3-9 provides a summary of the pump efficiencies and relative

performance for the tests,
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3,6 FEEDWATER FLOW NOZZLE VERSUS CONDENSATE FLOW NOZZLE

ASME PTC 6.1 provides an alternative testing procedure to determine
turbine heat rate. Instead of measuring the condensate flow and calculating
the feedwater flow, a flow element in the feedwater line after thé final
feedwater heater is used to directly compute the feedwater flow. It has
been shown that this is an acceptable, less expensive method, due to fewer,
less precise measurements.

Test heat rates for the full ASME test and for the feedwater flow
nozzle messurements were calculated and are shown in Table 3-10. For most
of the tests, the difference between the heat rates determined from the -
feedwater flow nozzle as compared to the heat rates determined from the
condensate flow nozzle are within the 1/3 percent uncertainty expected in
PTC 6.1,

o
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TABLE 3-1. ONE PERCENT MAKEUP CORRECTEﬁ HEAT RATES

. Corrected Heat Rate, Btu/kWh Corrected Load, kW
VWO 7779.3 873,212

- 3rd VP 7795.8 794,888
2nd VP 7923.2 598,149

Interpolated Heat Rate
at 820 MW = 7,786 Btu/kWh

Guaranteed Heat Rate
at 820 MW = 7,826 Btu/kWh

Note: Includes booster boiler feed pump power.

112487
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TABLE 3~2. TEST WET HEAT BATE VERSUS NET LOAD

Het Load, kW Measured

)
. Test Test HR, Btu/kWh
8 8,254
“ 4 8,384
6 8,330
5 8,382
7 8,392
10 8,169
3 8,562
8,277
)
112487
9255291

848,120
809,939
812,736
738,619
728,514
752,881
552,196
563,773
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TABLE 3-3.

Test

[+ ]

LN N - R -3

10

(9]

112487
9233291

High Pressure,

Percent

88.02
88.19
88.33
86.49
86.55
86.47

1 81.78

81.68

TURBINE EFFICIENCY

Intermediate

Pressure, Percent

Low Pressure
{ELEP), Percent

92.71
92.80
92.51
92.58
92.71
92.59
93.78
92,36

93.21
92.61
93.06
92.62
92.73
92.79
92.72
93.76

IP14_000808



THROTTLE FLOW VERSUS GROSS GENERATION

Throttle Flow, ib/h

TABLE 3-4,
- Test Gross Generation, kW
8 898,360
. 4 859,949
6 860,776
5 785,541
7 775,094
ig 789,291
3 592,046
9 599,733
C)
P,
112487
9255291

6,495,805
6,220,846
6,221,229
5,568,489
5,478,699
5,473,079
4,046,000
3,976,634
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TABLE 3-5. COMPARATIVE CONDENSER PERFORMANCE

. Test¥

Guarantee

Pressure {in. Hg)

- Condenser lA 4,31
Condenser 1B 4,15
Condenser 1C 2,65
Heat Transfer Coefficient (Btu/h—ftz-F)
Condenser lA 576.31
Condenser 1B ) 391.61
Condenser 1C 607.82
Cleanliness Factor (percent)
Condenser 1A 895.55
Condenser 1B : 64,81
N écndenser 1C 160.59
\ *VWO
C)
112487
9255291 3-8

13.36
2.80
2.34

558.8
539.3
339.3

85
85
85
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TABLE 3-6. COMPARATIVE FEEDWATER HEATER PERFORMANCE

LOW-PRESSURE HEATERS

Heaters 1A, 1B, and 1C
Condensate Flow, lb/h

Shell Pressure, psia
Steam to Heater, lb/h
Enthalpy of Steam, Btu/lb
Terminal Difference, F
Subcooler Approach, F
Subcooler Flow, 1lb/h

*Does not include Heater 1C.

Heater 2

Condensate Flow, lb/h
Shell Pressure, psia
Steam to Heater, 1b/h
Enthalpy of Steam, Btu/lb
Terminal Difference, F
Subcooler Approach, F
Subcooler Flow, lb/h

Heater 3

Condensate Flow, lb/h
Shell Pressure, psia
Steam to Heater, lb/h
Enthalpy of Steam, Btu/lb
Terminal Difference, ¥
Subcooler Approach, F
Subcooler Flow, 1b/h

112487
9255291

Design Test
5,254,771 4,526,700
4.51 4.86%
169,144 120,335
1,100.9 1,090
2.0 0.29%
5.0 5.26
920,818 564,152
5,254,771 14,526,700
10.7 11.07
178,238 142,336
1,142.5 1,163.0
2.0 2.15
10 7.87 '
573,462 421,816
6,127,017 4,526,700
37.7 38.05
378,723 279,958
1,236.2 1,244.9
2.0 -0.03
10 8.74
-.194,754 141,522
3-9
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TABLE 3-6 (Continued). COMPARATIVE FEEDWATER HEATER PERFORMANCE

LOW-PRESSURE HEATERS (Continued)

Heater 4

Condensate Flow, lb/h
Shell Pressure, psia
Steam to Heater, lb/h
Enthalpy of Steam, Btu/lb
Terminal Difference, F
Subcooler Approach, F
Subcooler Flow, lb/h

HIGH~-PRESSURE HEATERS
Heaters 6A and &B

Feedwater Flow, lb/h

Shell Pressure, psis

Steam to Heater, 1lb/h
Enthalpy of Steam, Btu/lb
Terminal Difference, F
Subcooler Approach, F
Subcooler Flow, lb/h

Heaters 7A and 7B
Feedwater Flow, lb/h

Shell Pressure, psia

Steam to Heater, lb/h
Enthalpy of Steam, Btu/lb
Terminal Difference, F
Subcooler Approach, F
Subcooler Flow, 1b/h

112487
9255291
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Design Test

6,127,017 4,526,700 %

63.2 63.5

194,754 141,859

1,282.3 1,291.6 .

2.0 -0.23 | :

10 4.78 "

6,513,490 6,221,038

230.6 230.1

239,944 234,886

1,419.8 1,426.5

-2.0 -1.33

10 7.79

1,203,812 1,134,309

6,513,490 6,221,038

584.3 557.5

610,344 550,173

1,306.6 1,305.9

-1.0 -0.60

10 9.26 i
. 593,470 584,136 2
3-10
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TABLE 3-6 (Continued). COMPARATIVE FEEDWATER HEATER PERFORMANCE

HIGH~PRESSURE HEATERS (Continued)

Heaters BA and 8B
Feedwater Flow, 1b/h

Shell Pressure, paia

Steam to Heater, lb/h
Enthalpy of Steam, Btu/lb
Terminal Difference, F
Subcooler Approach, F
Subcooler Flow, lb/h

112487
9255291

Degign Test
6,513,490 6,221,038
1,061 1,063.8
593,470 584,136
1,369.2 1,379.2
~2.0 =0.20
10 7.22

3-11
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TABLE 3-

7. FEEDWATER HEATER TEST REBULTS

LOW-PRESSURE HEATERS

Heater 1, SBA

Test Heater 14, TD Heater 1B, TD Heater 1C, TD
8 6.36 0.36 7.03
4 0.30 0,31 3.33
6 0,29 0,25 5.35
5 0.30 0.21 5.58
7 - 0.38 0.27 8.19
ig 0.35 0.25 9.81
3 0.63 0.26 5.51
0.40 0.23 15,83
Heater 2 Heateyr 3 Heater 4
Test TD 84 TD SA TD SA
8 2.27 B.18 0.10 8.93 0.02 5.03
& 2.16 7.83 =0.05  B.73 =B.17 4,76
& 2,13 7.90 =0.01 B.74 =0.28 4.79
3 1.95 7.45 =0.48 8.26 ~0.4% 4.11
7 1.94 7.31 “0.46 8.15 =053 4.09
i0 - 2,01 7.57 ~0.22 8.35 ~0.48 4.22
3 1.78 b, Gi¥ -1.08 6.78 ~0.94 3,12
1.82 =H,16% ~1.12 6.81 =1.08 3.13

*Heater 2 alternate drains to condenser.

112487
9253291
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6.23
5.07
5.45
4,76
4,49
5.68
2.17
3.26
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TABLE 3=7 {Continued).

HIGH-PRESSURE HEATERS

-

FEEDWATER HEATER TEST RESULIS

Heater 64 Heater 6B Heater 7A Heater 7B
Test TD SA TD SA 1D SA ID 84
8 -0, 87 7.75 -0.,72 8.40 =0.16 9.72 0.86 8.60
4 =145 7.54 ~1.30 8.08 -1.04 9.35 =0, 24 10.17
& =1.33 7.51 - -1.22  8.03 -0.98 9.25  =0.15 8.26
3 ~2e29 6.78 -2.08 7.28 ~1.86 8.26 =3.17 7.42
7 -2.39 6.75 ~2,15 6.99 -2.05 8.16 ~1.33 7.30
10 =3.10 6.67 . ~2.60 7.19 -2.11 8.23 =-1.17 6.85
3 ~3.62 5,45 =3.97 5.33 =2.24  6.31 =2.37 5.66
9 -3.82 5.02 -3.86 5.63 ~2.99  6.11 ~2 bl 5.47
Heater 84 Heater 8B
Test TD B4 D 54
8 (1.78 7.63 0.64 7.87
4 0.35 7.23 =0.81 7.23
& B.42 7.18 “0.74 T.22
3 =147 6.27 -2.74 6.18
7 =} .69 6.17 ~2.73  5.75
i0 -1.81 6.23 ~3.01  6.19
-3.99 5.20 ~5.16 4.28
~f.13 4,42 ~5.25 4,12
112487
9255291 3=13
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TABLE 3-8, COMPARATIVE BOILER FEED PUMP PERFORMANCE

Capscity, gpm
Total Head, feet

Efficiency, percent
Brake Horsepower, bhp
Pump Speed, rpm

Relative Performance

-

Boiler Feed

Boiler Feed

Guarantee Pump 1A Pump 1B
7,700 7,153 7,728
8,000 7,816 7,715
87.0 80.55 83.18
15,562 12,351 13,186
5,750 5,295 5,353
1.0 0.774 0.832

Note: Boiler Feed Pump 1B vresults derived from station data pump discharge

pressure.

112487
9255281
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TABLE 3""9 e

Boiler Feed

Pump 14
Efficiency,
. Test - Percent
8 80.15
4 - B0.58
6 80.51
5 82.15
7 81.77
10 81.06
3 80.43
9 B1l.29
112487
9255291

Boiler Feed
Pump 1A
Relative

Performance

0.817
0.774
0.774
0.7L5
0.692
0.6982
0.616
0.606

3-15

TURBINE DRIVEN BOILER FEED PUMPS

Boiler Feed
Pump 1B
Efficiency,

Percent

82.61
83.18
83.17
B&4.47
84.27
82.71
88.44
B8.70

Boiler Feed

Pump 1B
Relative
Performance

0.876
0.831
0.832
¢.751
0.726
0.728
0.644
0.637

IP14_000817
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Test

- 8

4

6

5

7

10

3

9
| 112487
9255291

Feedwater
Hozzle
Bru/kWh

TEST HEAT RATE

Condengate
Nozzle
Btu/kWh

Error, Percent

7,796
7,905
7,881
7,877
7,889
7,665
8,024
7,783

7,792
7,897
7,865
7,877
7,887
7,792
7,985
7,781

0.05
0.10

0.20.

0.00
6.03
1.63
0.49
0.03

3~16
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4.0 PROCEDURE

The performance test was conducted to determine net plant heat rate,
and the performance and efficiencies of the major equipment in the cycle.
Data collected also establishes bench mark data for the unit.

Preliminary tests were conducted to check operation and readings of
all instruoments directly related to the test. This also allowed
determination of cycle leakages for isolation purposes.

Eight tests were conducted: two each at valves wide open and at

second valve point, three at third valve point, and one at valves wide open

5 percent overpressure. Data was collected by General Electric test computer,

the plant computer, and manually. Pressures, temperatures, important flow
measurements, and generator output were carefully measured with highly
accurate measuring instruments. Balance-~of~plant measurements were taken
by plant instruments or by hand. All instruments were Lo be calibrated
before testing commenced.

Generally, the tests began ¢ne hour after the unit had stabilized and
were two hours in duration. Blowdown and makeup were isolated for the
tests. Combustion conditions, rate of fuel flow, rate of feedwaster flow,
drum level, excess aivr, and all controllable temperatures and pressures
were maintained as constant as possible for the duration of each test.

Data for each test were analyzed as soon as practicable after each
test for acceptance.

The steam feedwater cycle was isolated as much as practicable to
prevent large leakages. The condenser level was monitored to determine
losses. Valves closed in the c¢ycle for isclation are listed on the

following pages.
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Class

VALVE ISOLATION LIST

AUXILIARY STEAM SYSTEM
P&I DIAGRAM 9PSA-M2008

Description

= o= o=

Makeup from Unit 1 Deaerator
Makeup from Unit 1 Deaerator
Makeup from Unit 1 Deaserator

Makeup from Unit 1 Deaerator

N - Non=critical

€ -~ Critical

112487
9255291

Valve Number

9P8A-BV~16
gPSA-BV-18
9PSA-BV-20
GPSA-BV-22

b i P R S T i A8 P 4 S £ 3 o A R T £ e e

IP14_000842
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P

AUXTLIARY STEAM SYSTEM
P&I DIAGRAM 2PSA-M2008

Class Description Yalve Number
N Cold Reheat to Aux Steam 2PSA-MBY=-17
lise Telltale Valves 36 and 37
to verify isolation. .
N Cold Reheat to Auxz Steam 2PSA~-BV~15
N Cold Reheat to Aux Steam 2PSA-BV-11
H Cold Reheat to Aux Steam 2PSA-BY =12
Use Telltale Valves 123 and
127 to verify isolation.
N Cold Beheat to Aux Steam 2PS5A-BY=-13
| Cold Reheat to Auz Steam 2PSA-BV-14
Use Telltale Valves 123 and
127 to verify isolation.
] Aux Steam to Deaerator 2PSA=-BY~22
] Aux Steam to Deaerator -2P8A-BY-21
Use Vent Valve 118 to verify
isplation.
N Aux Steam to Deaerator Storage 2PSA~RV-133
: Tank
Use Telltale Valve 134 to
verify isolation.
H Aux Steam to Deaerator Storage ZPEA=BY =6
Tank
N Aux Steam to BFPT 2PSA-BV~-19
¥ Aux Steam to BFPT 2P54-RY~18
Use Telltale Valves 39 and 40
to verify isolation.
N Aux Steam to Turbine Seals 2P8A~BV=-26
¥ CHDS to Aux Steam Desuperheater ZPSA=BV=T
M CNDS to Aux Steam Desuperheater 2PBA~BY~-8
N CHDS to Aux Steam Desuperheater - 2PSA~BV~8
] Cold Reheat to Auz Steam Telltale 2PSA-BY=-37
N Main Deaerator Preheating Steam 2PSA-BV-118
Vent
112487
9255291 b4=3
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AUXILIARY STEAM SYSTEM (Continued)
P&T DIAGRAM 2PSA-M2008

T

lass Description Valve Numbe
N Deserator Storage Tank Condensate 2PSA-BV=-134
Deaeration Steam Telltale .
N BFPT Startup Steam Telltale 2PSA~BV-40
4 Cold Reheat to Aux Steam Telltale 2PSA-BV=-36
H Steam From Secondary Superheater 2PBA-BV~58
N Steam Trap No. 3 2PSA-BY-B2
H Steam Trap Ho. 5 2PSA~BV~83

H - Won-critical

€ - Critical

112487
9255291 b=ty

IP14_000844
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COMBUSTION GAS REHEAT SYSTEM
PEI DIAGRAM 2CCD-M20134

Class Description Valve Number
N Deaerator to Combustion Gas Reheat 2CCD~BV-150
Use telltale valve to verify
isolation.
] Deaerator to Combustion Gas Reheat 200D-BV~435
N Steam From Secondary Superheater Platen 2CCD~BV-44
Outlet Header
W Steam From Becondary Superheater Platen 2CCD-BV=47
Qutlet Header
H Normal Return to Condensate Header 2C0D~BV=436
Downstream of Heater 2 Telltale
N Combustion Gas Reheat Pumps Recirculation 20CD-BY-110
N Combustion Gas Reheat Pumps Recirculation 20CD=-BV=113
H Combustion Gas Reheat Pumps Recirculation 200D=-BV=114
N Combustion Gas Reheat Pumps Recirculation 2CCH-BV~-117
N AQCS RH Séot Blower Condensate Return 20CD-BY=-125
N -AQCS BH Soot Blower Condensate Return 2CCD~BY=-127
B Attemperator Spray From BFP Discharge 200D~BV=137
N Attemperator Spray From BFP Discharge 2CCD~BV-139
] Attemperator Spray From BFP Discharge 20CD=-BV=-142

HOTE: Use Temperature Elements 903, 904, and 905 to verify system isolation.

H ~ Nonwcritical

€ - Critical

112487
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Class

CONDENSING SYSTEM
P&I DIAGRAM ZHRA-M2020

Description

Z =2 B 0 0 B B 00

oo EoEoE OB OE O omow o owomowomoE o m

112487
9255291

Condensate
Condensate
Condensate
Condensate
Gondensate
Condensate
Condensate
Condensate
Condensate

Condensate

Use Telltale Valve 178 to verify

isolation.

Condensate

Makeup
Makeup
Makeup
Makeup
Hakeup
Drawoff
Drawoff
Drawoff
Drawoff
Pump Seals

Pump Seals

Condensate Pump Recire

Condensate
Condensate
Condensate
Condensate
Condensate

Condensate

Pump Recirc

Hormal Makeup

Emergency Makeup Telltale
Normal Drawoff Telltale
Emergency Drawoff Tellitale

Misc Service Pumps Telltale

Hot Well Drain
Hot Well Drain

Hot ﬁell Drain

Hydrazine
Condenser
Condenser
Condenser
Condenser
Condenser

Condenser

Feed

Leak Detection
Leak Detection
Leak Detection
Leak Detection
Leak Detection

Leak Detection

Drain

Sample
Sample

Sample

Sample
Sample
Sample

Valve Humber

ZHRA-BY-30
2HRA~BY=31

ZHRA-ACV-32

ZHRA-BY-33
2HRA-BV=-34
ZHRA~BY-19
2HRA~BYV-20

2HRA-BV-23

2HRA-BYV=24
ZHRA~BV=-T1

2HRA-BV~179
2HRA-ACV-25
2HRA-BV-29

2HRA-BV-148
2HRA-BV-175
2HRA-BV-176
2HRA~BV-177
2HRA-BV-178
2HRA~BV-89
2HRA-BV~90

2HRA-BV-91

2HRA~BV-92

2HRA-BV-112
2HRA~BV~113
2HRA-BV-114
2HRA-BV-115
2HRA-BV-116
2HRA-BV-117

IP14_000846
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CONDENSING SYSTEM (Continued)
P&I DIAGRAM 2HRA-M2020

Class Description Valve Number
N Condenser Leak Detection Sample 2HRA-BV-118

H Condenser Leak Detection Sample 2HRA-BYV-119

N - Hon-critical

¢ - Critical

P

112487
9255291 4=7
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CONDENSER AIR EXTRACTION
P&I DIAGRAM 2HRB-M2021

Class Description Valve Number
c Separator Makeup 2HRB-BV-109
G Separator Makeup ZHRB~BY-110
¢ Separator Makeup 2HRB-BV-111
¢

Separator Makeup 2HRB-BY~-112

¥ = Non=critical

£ - Critical

112487
9255291 4~8
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BOILER FEED SYSTEM
P&I DIAGRAM 2FWA-M2033A

Class Description Valve Number
G BFP Recirculation ' 2FWA~ACY~14
o BFP Recirculation 2FWA~-ACY~15
¢ BFP Recirculation ' 2FUA-ACV~16
c BFPF Recirculation 2FUA-ACY 17
c BFP Recirculation 2FWA=ACV-18
c BFP Recirculation 2FWA-ACV-19
c BFP Recirculation  2FWA-BV-37
N Boot Strap Startup 2FUA-BV-2498
Use Telltale Valve 108 to verify
isolation.
N Boot Strap Startup 2FWA-BV-299
N Warmup Drain to Condenser 2FWA-BY-188
Use Telltale Valve 365 to verify
isolation.
N Warmup Drain to Condenser 2FYA-MBY~189
) Boot Strap Startup Line Telltale 2FHA-BY-108
H Yarmup Drain to Condenser Telltale ~ 2FWA-BV-365
N Warmup Drain to Condenser Telltale 2FUWA-BY-107

NOTE: All drains and vents to floor drains or atmosphere should be checked

for leakage.

¥ - Hon-critical

C =~ Critiecal

112487
9255291 : 4=9
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Clasgs

BOILER FEED BYSTEM
P&1 DIAGRAM 2FWA-M2035B

Description

G 0O v o=

Feedwater Heater Bypass
Economizer Inlet‘Header Drain

Economizer Inlet Header Drain

‘BSample No., 11

Sample Ho. 11

N - Non=-critical

¢ - Critical

112487
9255291

4~10

Valve Number

ZFHA~MBV-44
25GA~-BV~-131
28GA-BV=-132
2FHA-BV-202
2FWA-BV~-203

IP14_000850
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DRAINS AWD VENTS
P&I DIAGRAM 2FWA-M2035C

Class Description Valve Number
BFPT Drains 2FWA~ABV-303
N BFPT Drains 2FWA-ABV=-304
B BFPT Drains 2FWA~ABV-3035
N BFPT Drains 2FWA-ABV-306
H BFPT Drains 2FWa-ABV-307
H BFPT Drains 2FWA-ABV-308
N BFPT Drains 2FWA—~ABV-309
N BFPT Drains 2FWA-ABY-310
N BFPT Drains 2FWA-ABV-311
N BFPT Drains  2FWA-ABV-312
C BFPT Drains 2FWA-BV-388
c BFPT Drains 2FWA-BV=-389
c BFPT Drains 2FWA-BV-390
C BFPT Drains 2FWA-BV=39]
¢ BFPT Drains 2FWA~BV~393
N - Non-critical
C - Critical
112487
9255291

4-11

IP14_000851



. //

Class

‘CONDENSATE SYSTEM
P&I DIAGRAM 2FUC-M2037

Description

= o o= o

-

2 ow o2 % o

Feedwater Heater Bypasses

Feedwater Heater Bypasses.

Feedwater Heater Bypasses

Feedwater Heater Bypasses

Deserator Drain to Condenser -

Use Telltale Valve 110 to
verify isolation.

Deaerator Drain to Condenser

verify isolation.

Deaerator Drain to Condenser =

Deaerator Drain to Gen Bldg Drain

‘Air Preheat Supply

Deaerator Drain to Condenser'f'
‘Use Telltale Valve 105 to

Recirculation to Condenser

Becirculation to Condenser Telltale

Becirveulation to Condenser Drain

H - Non-critical

£ - Critical

112487
9255291

Valve Number
2FWC-MBV-9

2FWC-MBV-16
2FWC-MBV-17
2FWC-MBV-18.
2FWC~BV-85

2FHC=-RV=86

2FWC-BV=26 - o

2FWC-BV-27
2FWC~BY=23
2FWC~BV=-24
2FWC~-MBV-90
2FWHC-BV-110
2FWC-BV~105

IP14_000852




CORDENSATE POLISHING SYSTEM
P&I DIAGRAMS 2FWD-M2038A AND M2038B

Class Description Valve Number
Do not vegenerate polishers during test.
c Makeup to Begen Pumps 2FWD-BV-121
G ‘Makeup to Regen Pumps 2FWD~BV-125
¥ Demineralizer Resin Transfer ZFWD~MBY-T2
¥ Demineralizer Resin Transfer 2FWD~MBYV~T 3
N Demineralizer Resin Transfer 2FUD~MBY =74
N Demineralizer Resin Transfer 2FWD=-MBV~75
H Condensate Demineralizer Drain 2FPUD=-MBV=76 |
N Condensate Demineralizer Drain ZFUD-MBV-77
N Condensate Demineralizer Drain 2FWD-MBV-78
N Gondensate Deminevalizer Drain 2FWD-MBV-79

¥ - Hon~gritical

£ = Critical

1112487
9253291

4=13

IP14_000853
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CYCLE MAKEUP AND STORAGE
P&I DIAGRAM 2FWF-M2040

Class Description Valve Number

N Low~Pressure Heater Drains IFUF«BY=66

¥ - Hon—-critical

£ - Critical

112487
9253291 4=14

IP14_000854
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Description

STEAM CYCLE SAMPLING AND ANALYSIS
P&I DIAGRAM 2SAC~-M2054A

2o 2 2 2 2. 2 2 ey e ez e sy e e 2 2 2 28 2 8 25 25 2

112487
9255291

‘Sample HNo.

Sample HNo.
Sample Wo.
Sample HNo.
Sample No.
Sample HNo.
Sample Ho.
Sample Ho.
Sample No.
Sample No.
Sample Ho.
Sample HNo.
Sample MNo.
Sample HNo.
Sample Ho.
Sample Ho.
Sample HNo.
Sample No.
Sample Ho.

Sample No.
Sample No.
Sample Ho.
Sample HNo.
Sample HNo.
Sample HNo.
Sample No.
Sample No.
Sample Ho.
Sample Ho.
Sample No.

WOo 0 0 0 i ol s SR B O WA A W B B B W W W N e ke e

[ B R e R
W R b et e D

4~15

Valve Humber

25AC-BV~17
2SAC-BV-5
2SAC~BV~30
2SAC-BV-6
2SAC-BV-19
2SAC-BV-7
2SAC-BV-32
2SAC-BV-20
2SAC-BV-8
2SAC-BV-33
2SAC-BV-21
2SAC-BV-9
2SAC-BV-34
2SAC-BV-22
25AC-BV-10
2SAC-BV-35
2SAC-BV-23
2SAC-BV-11
2SAC-BV-36
2SAC-BV-1
2SAC-BV-12
2SAC-BV-24
2SAC-BV-37

28AC~-BY-2

284C-BV=-13
28AC~BY~26

Z5AC-BY-14

28AC~BV-39
2840-BV-15
285AC-BY-3

IP14_000855




STEAM CYCLE SAMPLING AND ANALYSIS (Continued)
P&I DIAGRAM 25AC-M20544

Class Degeription

Sample No. 14
Sample Ho. 14
Sample No. 14
Sample No. 14

- A A A

¥ - Hon-critical

C -~ Critical

112487
9255291

Sample Recovery Pump Suction -

Sample Recovery Pump Discharge

4-16

Valve Number,
 2SAC-BV=4

284C~-BV-16 °

28AC-BV-26
2840-BV=41

25AC-BV=-107
28AC-BV-110

IP14_000856




- \
GENERATION BUILDING SPACE CONDITIONING
P&I DIAGRAM 28CA~M2056A

Class Description Valve Humber

N Space Conditioning Drain  2SGA-BV-429 3

H = Honwcritiecal :
£ = Critical

¢

!

112487 : | ¥

9255291 4-17 :

IP14_000857



STEAM GENERATOR SYSTEM

-

P&I DIAGRAM 28GA-M2063A
Class Description Valve Number
N Superheat Bypass to Condenser 28GA-BV~136
Use Tellitale Valves 165 and 166 to
verify isolation.
N Superheat Bypass to Condenser 28GA-RV-138
N Superheat Bypass to Condenser 28GA-BV-169
Use Telltale Valves 121 and 218 to
verify isolation.
¥ - Superheat Bypass to Condenser 25GA=BYV-170
N Superheat Bypass to Reheat 25GA~MBV-135
M Superheat Bypass to Reheat 25GA~BYV-125
H Superheat Bypass to Reheat 25CA-ACV-134
N Superheat Bypass to¢ Reheat 25GA-HUV-133
] Boiler Soot Blowing Steam Supply 25GA-BV~141
G ‘Boiler Soot Blowing Steam Supply 28GA-MBY-142
H AH Soot Blowing Steam Supply 28GA-~BV-139
c AH Soot Blowing Steam Supply 28CA-HMBV-140
H Boiler Soot Blowing Steam Supply 28GA~BY=1473
G Boiler Soot Blowing Steam Supply 28GA-MBY-144
H Combustion Gas Reheater Soot Blowing 28C4-BV=-17
Steam Bupply
{ise Temperature Indicator 1CCD-TI-120
to verify isolation.
M Combustion Gas Beheater Soot Blowing - 28GA-MBY~24
Steam Supply
N © Steam Supply to Aux Steam Header 28GA-BV-10
N ' Steam Trap No. 2 . 28GA-BV~195
H Steam Supply to Aux Steam Header 25GA-MBY-154
Use Telltale Valves 203 and 204 to
verify isolation.
N . Secondary Superheater Outlet Header 285G =BY-1
H Secondary,Superheater.putlet Header 25GI-BV-2
112487
9255291 4=18

IP14_000858
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STEAM GENERATOR SYSTEM {Continued}

P&I DIAGRAM 28GA-M2063A

Class Description Valve Humber

] Secondary Superheater Platen Qutlet 28GI=-ACV=29
Header _

B Secondary Superheater Platen Qutlet 28GI~ACV~30
Header :

H - Hon=-critical

¢ - Critical

112487
9255291 4~19

IP14_000859



STEAM GENERATOR SYSTEM
P&I DIAGRAM 25GA~M2063B

Class Description

Valve Number

Gauge Glass LG~1 Drain
Gauge Glass LG~1 Drain
Gauge Glass LG-1 Drain
Gauge Glass LG~3 Drain
Gaugé Glass LG-3 Drain
Gauge CGlass LG-2 Drain
Gauge Glass LG~2 Drain
Gauge Glass LG-2 Drain
Future Sample

Drain to Blowdown Header
Drain to Blowdown Header
Continuous Blowdown
Continucus Blowdown

To Auzxiliary Steam Supply

ow oo e R e o

To Auxiliary Steam Supply

Use Telltale Valves 206 and 205 to
verify isolation.

1 Steam Supply to Aux Steam Header
Trap Ho. 3 S

¢ Sample No. 13

¥ ~ Non—critical

¢ = Critical

112487
9255291 4=20

28GA-BV-1
28GA-MBY~2

2SGA~BV-11
2SGA-BV~12
25GA-BV-207
25GA-BV-25
2SGA~BV-26
25GA-BV-18
25CA~BV-208
2SCA-BV-19
2SGA-BV-54
2SGA-BV~-31
25GA-BV-32
28GA-MBV—4
2SGA=BV~3

25GA-BY~199

Z8GA-BV=-172

IP14_000860



Class

Description

AIR PREHEAT SYSTEM
P&I DIAGRAM 25GC-M2065

wow o owm ® o om B OE OB om % W % w

Air Preheat
Air Preheat
Air Preheat
Air Preheat
Air Preheat
&ir Preheat
Air Preheat
Air Preheat
Air Preheat

' Air Préheat

Air Preheat
Air Preheat
Air Preheat

Air Preheat

¥ -~ Nom-critical

112487
9255291

£ = Critical

Pumps Bypass

Pumps Inlet

Pumps Inlet

Return to Condenser
Recirculation

Return to Deaerator

Return to Deaerator Telltale
Beturn to Condenser

Return to Condenser Telltale
Emergency Return to Condenser
Emergency Return to Condenser
Emergency Return to Condenser Drain
Emergency Return to Condenser

Emergency Return to Condenser

4-21

Valve Humber
28GC~-BV-119

28CC~BV-113

28GC~BV-114
28GC~BV~-122
28GC~BV-123
28GC~BV-140

28GC-BV-148
2860~BV=-141

2SGC~BV-149
25GC-BV-137
25GC-BV-139
25GC~BV-166
25GC~BV-130
25GC-BV-131

PRI 7 R R TR T B R A

IP14_000861



BOILER VENTS AND DRAINS SYSTEM
P&I DIAGRAM 2SGF-M2068

112487
9255291 4=22

DRAINS

Class Description Yalve Humber
H Lwr Convection Pass Header 28GF~BV-28
N Lwr Convection Pass Header 25CF-MBV=29
N - Economizer Inlet Header 2SGF=-BV=-30
H Economizer Inlet Header 28GF=-BV=31
H Reheater Inlet Header 28GF-BV-33 -
N Reheater Inlet Hesder 285GF=-BV-34
N Lwr Convection Pass Header 28GF=BY=35
N Lwr Convection Pass Header 2SGF-MBV-36
N Reheater Outlet Header 2BQF-BY-37
B ‘Reheater Outlet Header 28GF-BV~-38
H Reheater Outlet Header 28GF~BV~39
H Reheater Outlet Header 28CGF-BY=40
H Becondary Superheater Qutlet Header 28GF=BV=41
N Secondary Buperheater Outlet Header 28CF-MBV-42
N Secondary Buperheater Inter Inlet Header 28GF=-BY~43
H Secondary Superheater Inter Inlet Header 2SCF-MEY~4b
H Secondary Superheater Inter Inlet Header 28GF~BV-43
M Secondary Superheater Inter Inlet Header 25GF=MBY=46
H Drum Feed Header 28CF=BV-47
N Drum Feed Header 28GF-BY~48
B ‘Secondary Superheater Platen Inlet Header 28CF~BY-~49
| Secondary Superhéater Platen Inlet Header 28GF-MBY-30
¥ Roof Inlet Header 28GPF~-BY~-51
g | Roof Inlet Header 28CF~MBY~352
] Drum Feed Header 28GP-BV-53
W Drum Feed Header 28GF=BV=-54
B Lwr Convection Pags Header 28GF-BV=-55
N Lwr Convection Pass Header 2SCF~MBV-56
H Lwr Convection Pass Header‘ 28CF=BV=57

IP14_000862




BOILER VENTS AND DRAINS SYSTEM (Continued)

B&Y DIACRAM 25CGF-M2068

N - Non-critical

€ - Critical

112487
9255291 423

DRAINE
Class Desgcription Valve Humber
B Lwr Convection Pass Header ‘28GF-MBV-38
N Drum West End 23GF-BV-59
' Drum West End 2SGF-BV=-60
B Drum West End 28GF-BVY~61
B Drum West End 28GF-BV~62
N  Drum West End 28GF-BV~63
N Drum West End 2BGF-BY-64
N Downcomer Drain Manifold ZSGF~BV~65
H Downcomer Drain Manifold 28GF-MBY-~66
H Drum East End 28GF=-BV=67
H Drum East End 28CF-BV=-58
N Drum East End ‘2SGF-BV~69
N Drum East ‘End 25CF=-BY=T70
VENTS

N Economizer Discharge Line 28GF~BV=17
N Primary Superheater Qutlet Header 28GF-MEV-10
N Secondary Superheater Platen QCutlet Header. 25CF-MBY=-22
N Drum West End B 2SGF-MBV=-10
H Drum East End 28GF-MBV-14
M Primary Superheater Qutlet Header Z8GF=-MBY=24
N Economizer Discharge Line ' 28CF-BY~26

ST TR P

IP14_000863




Class

Description

MAIN STEAM SYSTEM
P&I DIAGRAM 2SGG-M2069

Valve Number

(o TN & BN o

B o 2 2 o o o o =

‘Main Steam

Vent to -Atmosphere

Fill Line For Superheater Hydro Test

Main Steam

Main Steam

to BFPT 14
to BFPT 1B

Use temperature measurements at TW=13
and TW-14 to verify isolation.

Main Steam
Main Steam
Main Bteam
Main Steam
Main Steam
Main Steam
Main Steam

Main Steam

Warming Line

Warming Line

Drain to Blowdown Tank
Drain to Blowdown Tank
to BFPT 1A Bypass

to BFPT 1B Bypass
Drain te Condenser

Drain to Condenser

BFPT Main Steam Drain to Blowdown Tank
BFPT Main Steam Drain to Blowdown Tank

BFPT Main Steam Drain to Condenser

BFPT Main STeam Drain to Condenser

Condensate
Main Steam
Main Steam
Sample No.
Sample Ho.

Condensate

¥~ Hon—critical

£ = Critical

112487
9255291

to Desuperheater

Line Warming Desuperheater
Line Warming Desuperheater
14

14

to Warming Desuperheater

24

25GG-MBV-21

28GG~BV=-61
2SGC~-MBV~9

28GG-MBV-10

25GG-MBV-17
25GG-MCV-18
25CG-MBV-13
25GG-MBV-14
25GG-BV-23

28G5=BV=24

28CGG-MBY=25
25GG-HBV~26
28GG-MBV~-11

28CG~MBY~12

28GG-MBY-55
28CC-MBV=-56

28GG-ACV-59

28GG-BV-38
25CG-MCV~18

2866~BY-15

28G6-BV-16
286G-BY=-60

IP14_000864




8007 BLOWING
P&I DIAGRAM 28GI~M2070

Class Description

Main Steam to Soot Blowers
Hain Steam to Scot Blowers
Main $team to Soot Blowers
Main Steam to Soot Blowers

Soot Blowers Steam to HP Heater Extraction

A

Soot Blowers Steam to HP Heater Eztraction

N - Non=-critical

¢ = Critical

112487 :
9255291 4=25

“Valve Number
28G1~-ACV-3

25CI~-ACV-4
2SGI~ACV-25
25GI~-ACV-26
2SGI~MBV-35
25GI-MBV-178

IP14_000865



HOT/COLD REHEAT SYSTEM
P&I DIAGRAM 28GJ-M2071

Class Deserintion

Hot Reheat Drains

Hot Reheat Drains

Cold Reheat Drains

Cold Reheat Drains

Cold Reheat Drains

Heheat Desuperheater Spray
Reheat Desuperheater Spray
Reheat Desuperheater Spray
Behest Desuperheater Spray

®ow oo o o o owm w8

CNDS to Cold Reheat Drain Desuperheater

¥ - Non-critical

¢ = Critical -

112487
9255291 4=26

Valve Number

28GJ-HBY-16

28GJ~MBV~14

25GJ~HMBV=-18
286J-BV-56
28GJ-BV=57
25GJ-ACV-58

286J-A0Y-59

28GI=ACY-66
28GJ~ACY~67
25GJ-BY=-90

IP14_000866




HIGH-PRESSURE EXTRACTION SYSTEM
P&I DIAGRAM 2TEA-M2073

Class Degeription Valve Number
N Aux Steam to BFPT 2TEA~MBV-118

H-~ Non-critical

¢ - Critical

112487
9255291 : 4=27

4

B

IP14_000867



Class

EXTRACTION TRAPS AND DRATNS SYSTEM
P&I DIAGRAM 2TEC-M2075

Deseription

B O®E OO O 006060060660 0602 2 2 60000 0

wom o om owm ow w

112487
9255291

gp
HP

HE

HP
Hp
LP
HP

- HP

HP
HP
HP
HP

Heaters 8A and 8B Extr Drain
Heaters BA and 8B Extr Drain
Heater BA Extr Drain
Heater 8A Extr Drain
Heater 6B Extr Drain
Heater 3 Extr Drainm
Heaters 8A and 8B Extr Drain
Heater 84 Extr Drain
Heater 8B Extr Drain
Heaters 6A and 6B Extr Drain
Heater 6A Extr Drain
Heater 6B Extr Drain

BFPT 1B Extr Drain

BFPT 14 Eztr Drain

Deaerator Heater 5 Extr Drain
BFPT 14 and 1B Extr Drain

Deaerator Heater 5 Extr Drain

' Deaerator Heater 5 Extr Drain

BFPT 14 Extr Drain
BFPT 1B Eztr Drain

LP
LP

Heater 4 Extr Drain

Heater &4 Extr Drain

Miscellaneous Drains Rcvr Tank

Vent and overflow should be
checked for leaks.

LP
LP
LP
LP
LP
LP
LP

Heater 2 Extr Drain
Heater 2 Extr Drain
Heater 3 Extr Drain
Heater 3 Extr Drain
Heater 4 Extr Drain
Heater 4 Extr Drain

2 Extr Drain

Heater

4-28

Valve Number
ZTEC-BV~T73
2TEC-BV-75
ZTEC~BV-79
2TEC~BV~81
2TEC~BV=105
2TEC~BY=35
2TEC~ACV~T74
2TEC-ACY~80

JZTEC-ACV~86

2TEC-ACV~92
2TEC-ACY-98
2TEC~-ACY=-104

2TEC-ACV-140

2TEC-ACV-134
2TEC-ACV~128
2TEC-ACV-122
2TEC-ACV~116
2TEC-ACV~110
2TEC-ACV-146
2TEC-ACV-152
2TEC-BV~65
2TEC-BV-67
2TEC-BV~163

2TEC-ACV-2
2TEC-ACV-6

2TEC-ACV-10
2TEC-ACV-14
2TEC-ACV-18
2TEC-ACV-22
2TEC-ACV-50

IP14_000868
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EXTRACTION TRAPS AND DRAINS SYSTEM (Continued)
P&I DIAGRAM 2TEC-M2Z075

Class Description Valve Number
LP Heater 2 Extr Drain 2TEC-ACV=54
LP Heater 3 Extr Drain 2TEC-ACV-58
LP Heater 3 Extr Drain ZTEC~-ACY=62
LP Heater 4 Extr Drain 2TECACV=66
LP Heater &4 Extr Drain LTEC-ACV-T0
LP Heater 2 Extr Drain 2TEC~ACV-26
LP Heater 2 Exztr Drain . 2TEC-ACY~30
LP Heater 3 Extr Drain 2TEC~ACV=34
LP Heater 3 Extr Drain 2TEC~ACV-38
LP Heater 4 Extr Drain 2TEC-4CV-42
LP Heater & Extr Drain 2TEC~ACV-46
LP Heater 4 Extr Drain 2TEC-BV-39
LP Heater 4 Exty Drain ZIEC~-BV=43
LP Heater 4 Extr Drain . 2TEC=BV=47
LP Heater 3 Extr Drain 2TEC-BV-11
LP Heater 3 Extr Drain 2TEC~BV~-15
LP Heater 4 Extr Drain 2TEC-BV-19
LP Heater 4 Extr Drain ‘ 2TEC~BV-23
LP Heater 3 Extr Drain 2TEC-BY=59
LP Heater 3 Extr Drain 2TEC~BV~63
LP Heater 2 Eztr Drain 2TEC~BV~27
LP Heater 2 Extr Drain 2TEC-BY=31
LP Heater 2 Extr Drain 2TEC~BY~3
LP Heater 2 Extr Drain 2TEC~BY=7
LP Heater 2 Extr Drain 2TEC-BY¥=51
LP Heater 2 Extr Drain o 2TEC-BV-55

NOTE: 1Isolation of the extraction drains should be verified by checking

the surface temperature of the drain pipe.

5

N - Hon-critical

£ - Critical

112487
9255291 4-29

IP14_000869



HIGH-PRESSURE HEATER DRAINS
P&I DIAGRAM 2TED~M2076

Class Description Valve Number
M HP Heater Drain Return ZTED=ACY-13
H HP Heater Drain Return 2TED-ACV-14
c HP Hester Drain to Condenser 2TED~BV-19
c HP Heater Drain to Condenser 2TED=-BV-20
¢ ‘HP Heater Drainm to Condenser ZTED=BV=-21
¢ HEP Heater Drain to Condenser 2TED~BV-22
c HP Heater Drain to Condenser 2TED~BV=-27
c HP Heater Drain to Condenser 2TED~BV~28
G HP Heater Drain to Condenser 2TED-BV=-29
C HP Heater Drain to Condenser 2TED-BV-30
¢ HP Heater Drain to Condenser 2TED~BY=35
< HP Heater Drain to Condenser 2TED-BV~36
C HP Heater Drain to Condenser 2TED=BV=37
¢ HP Heater Drain to Condenser

K -~ Hon-critical

£ = Critical

112487
9255291

4-30

2TED-BV-38

IP14_000870
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LOW~-PRESSURE HEATER DRAINS SYSTEM
P&I DIAGRAM 2TEE-M2077

Class Description

Valve Nuﬁber,,

¥ - Non—critical

£ - Critical

112487
9255291

4~31

c LP Htr Drains to Condenser 2TEE~BV~%
c LP Htr Drains to Condenser 2TEE-BV~11
4 LP Htr Drains to Condenser 2TEE~BV-13
¢ LP Htr Drains to Condenser 2TEE~-BV-15
¢ LP Htr Drains to Condenser 2TEE=-BY=17
e LP Htr Drains to Condenser 2TEE~BV~19
¢ LP Htr Draims to Condenser 2TEE~-BV=-21
c LP Htr Drains to Condenser 2TEE~RY=-22
H LP Htr Drains to Cycle Makeup 2TEE=-BV=129

IP14_000871




RN

HEATER VENTS AND MISCELLANEOQUS DRAINS SYSTEM
P&I DIAGRAMS ZTEF-M2078A AND M2078B

Relief valves, vents, and drains should be checked and isolated in

-accordance with previocusly discussed procedures.

112487
9255291

4=32

IP14_000872
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TURBIHE SYSTEM
P&I DIAGRAM 2TGA-M2079

Class Deseristion ‘ Valve-NumBer
N Ventilator Valve 2TGA~ABV=-2
N Condenser Hood Sprays 21GA~BY=5

N - Non-critical

¢ = Critical

112487
9255291

4-33

IP14_000873
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TURBINE SEALS AND DRAINS SYSTEM
P&Y DIAGRAMS 2TGC-M20804 AND M2080B

Description

Control
Control
Control
Control
Control
Control
Control

Control

*Requires full-time operator.

trip.

¥ = Hon~critical

€ = Critical

112487
9255291

‘Main Steam Supply
Main Steam Supply
Main Steam Supply
Main Steam Supply

Auxiliary Steam to
Reheat Valve Drain
Beheat Valve Drain

Valve/Stop

Valve/Stop

Valve/Stop
Valve/Stop
Valve/Stop
Valve/Stop
Valve/Stop
Valve/Stop

Steam Lead Drain ‘
HP Turb Leakoff to Steam Seals

Auxiliary Steam Subp}y
Auxiliary Steam Supply
Condensate to Steam Seal Desuperheater
Auxiliary Steam to Cold Reheat

Cold Reheat

Valve Drains
Valve Drains
Valve Drains
Valve Drains
Valve Drains
Valve Drains
Valve Drains

Valve Drains

434

Valve Number

2TGC~-BV=-10%
2TGC-MBV-3%*
2TGC~HBV=-2%
2TGC~-ACV-1¥%
2TGC~MBY~6
2TEC=-ACV=3
2TGC~-BY-25
2TGC-MBV-16
2TGC~BY-58
2TCC~-MBY-31

2TGC-MBV-32

2TGC-MBV-33
2TCC-MBV-34

2TCC~MBY-35

2TGC-MBV-36
2TCC~MBV=37
2TGC-MBV-38
2TCC-MBY -39
2TCC~-HBY-40
2ICC~MBY~49
2TGC~ACV~17

Must be opened quickly on a turbine

IP14_000874
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5.0 SAMPLE CALCULATIONS

T ey e e

~ Variable Description Test 6 Value
“TCND Temperature of Condensate at Flow Section 295.8 F
PCHD Pressure of Condensate at Flow Section 141.2 psisa
“TAMB Temperature of Ambient Air 90.3 F
G local Aceeleration of Gravity 32.1382
ft/sec
TFHOS Temperature of Feedwater out of Feedwate 551.1 F
Heater 8 :
PFWOS Pressure of Feedwater out of Feedwater 2733.9 psia
Heater 8
DPFWH Differential Pressure Across Feedwater 58.113 psid
Flow Hozzle
DPCHDNA Differential Pressure Across Condensate 10.290 psid
Flow Nozzle Tap A
DPCHNDNR Differential Pressure Across Condengate 10,280 psid
Filow Hozzle Tap B
TFGRR Temperature of Flue Gas Reheat Return Water 232.2 F
PFGRR Pressure of Flue Gas Reheat Return ¥Water 139.2 psia
DPFGRR Differential Pressure Across Flue Cas 3.597 psid
Reheat Flow Noszzle
TLDA Temperature of Steam Leakage Number 4 602.,4 'F
PLOS Pressure of Steam Leakage Number 4 118.3 psia
DPLO4 Differential Pressure of Stesm Leaksge 0.895 peid
Humber 4 .
TLOG Temperature of Steam Leakage Number 6 682 F
PLOG Pressure of Steam Leakage Number 6 118.3 psia
DPLOG Differential Pressure of Steam Leakage 4,620 psid
Humber 6 ,
TCLGLO Temperature of IP Rotor Cooling Steam 818.1 F
PCLGLO Pressure of IP Rotor Cooling Steam 521.0 psia
- DPCLGLD Differential Pressure of IP Rotor Cooling 19.601 psid
Steam .
TVSLO Temperature of Valve Stem Leakoff Steam 886.5 F
PVELO Pressure of VYalve Stem Leakoff Steam 521.0 psia
DPVSLO Differential Pressure of Valve Stem Leakoff 0.0 psid
Steam : v
112487
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Variable Description Test & Value

TLO2 Temperature of Steam Leakage Mumber 2 886.5 F

PLOZ Pressure of Steam Leakage Number 2 521.0 psia

PCLO2 Packing Constant of Steam Leakage Number 2’ 50

‘TLO3 Temperature of Steam Leakage Number 3 971.9 F

PLO3 Pressure of Steam Leskage Number 3 1,927.3 psia

PCLO3 Packing Constant of Steam Leakage Number 3 540

TLOS Temperature of Steam Leakage Number 5 582.4 F

PLO5 Pressure of Steam Leakage Number 3 120.7 psia

PCLOB Packing Constant of Stesm Leakage Number 3 800

TLO7 Temperature of Steam Leakage Number 7 682.6 F

PLO7 Pressure of Steam Leakage Number 7 122.5 psia

BCLOT Packing Constant of Steam Leakage Humber 7 980

TLO8 Temperature of Steam Leakage Humber 8 635.5 F

PLOS Pregsure of Steam Leskage Humber 8§ o 120.7 psia

PCLOS Packing Constant of 8team Leskage Number 8 558

TLOY Temperature of Steam Leakage Number 8 645.7 F

PLOS Pressure of Steam Leakage Number 9 122.5 psia

PCLOY Packing Constant of Steam Leakage Number 9 550

TIViA Temperature of Steam Sesls to Heaster iA 654.1 F

PDViA Pressure of Steam Seals to Heater 1A 5,031 psia

DPFDViA Differential Pressure of Steam Seals to 0.037 psid
Heater lA

TCVCND Temperature of Steam Seals to Condenser 654 F

PDVCND Pressure of Steam Seals to Condenser 2,117 psia

DPDVCND Differential Pressure of Steam Seals to 0.0 psid
Condensger '

TEXTBFPTA Temperature of Extraction Steam at Boiler 619.2 F
‘Feed Pump Turbine A »

PEXTRFPTA " Pressure of Extraction Steam at Boiler Feed 119.3 psia
Pump Turbine A

DPEXTRFPTA Differential Pressure of Eztraction Steam at 6,216 psid
Boiler Feed Pump Turbine A

TEXTBFPTR Temperature of Eztraction Steam at Boiler 618.1 F
Feed Pump Turbine B -

PEXTBFPTB Pressure of Extraction Steam at Boiler Feed 11%.3 psia
Pump Turbine B

112487
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Variable Description Test 6 Value

DPEXTBFPTIB Differential Pressure of Extraction Steam af 6.813 psid
Boiler Feed Pump Turbine B

SPRFPTA Speed of Boiler Feed Pump Turbine A 5,292.6 vpm

HPBFPTA Horsepower of Boiler Feed Pump Turbine A 12,347 hp

PFWPOLA Pressure of Boiler Feed Pump Discharge A 25920.2 psia

TFUPO1A Temperature of Boiler Feed Pump Discharge A 5.9 F

PFUPL Pressure of Boiler Feed Pump Inlet A 318.6 psia

TFWPI Temperature of Boiler Feed Pump Inlet A 346G.0 F

TCHDPD Temperature of Condensate Pump Discharge 126.6 F

PCHNDPD Pressure of Condensate Pump Discharge 411.8 psia

PEXTBA Pressure of Feedwater Heater BA Extraction 1,064.5 psia
Steam

TEXTEA ‘Temperature of Feedwater Heater 84 787.9 F
Extraction Steam : o

PEXTAR Pressure of Feedwster Heater 8B Extraction 1,060.7 psia
Steam '

TEXTEB Temperature of Feedwater Heater B8 788.2°F
Extraction Steam

PEXT7A Pressure of Feedwater Heater 7A Extraction 557.0 psia

’ ' Steam

TEXT74A Temperature of Feedwater Heater 7A 618.0 F
Extraction Steam

PEXT7B Pressure of Feedwater Heater 7B Extraction 557.0 psia
Steam

TEXT7B Temperature of Feedwater Heater 7B 618.5 F
Extraction Steam

PEXT6A Pressure of Feedwater Hester 6A Extraction 230.8 psia
Steam ’

TEXT6A Temperature of Feedwaster Heater 6A 8063.3 F
Extraction Steam

PEXT6R Pressure of Feedwater Heater 6B Extraction 229.0 psia
Steam

TEXTEE Temperature of Feedwater Heater 6B 800.8F
Extraction Steasm '

PEXTS Pressure of Deaerating Heater 5 Extraction 118.3 psia
Steam ! §

TELTS Temperature of Deaerating Heater § £19.6 F
Extraction Steam

112487
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Variable Degeription Test 6 Value
PEZT4 Pressure of Feedwater Heater 4 Extraction 63.38 psie
Steam
TEXT4 Temperature of Feedwater Heater 4 515.8 F
Extraction Steam
PELTS Pregssure of Feedwater Heater 3 Extraction 37.94 psia
Steam
TEXTI Temperature of Feedwater Heater 3 4148 F
Extraction Steam
PEXT2 Pressure of Feedwater Heater 2 Extraction 11.05 psia
Steam '
TEXT2 Temperature of Feedwater Heater 2 233.9 F
Extraction Steam
PEXTLA Pressure of Feedwater Heater lA 4.880 psia
PEXTIR Pressure of Feedwater Heater 1B 4,784 paia
PEXTIC Pressure of Feedwater Heater 1C 5.476 psia
PFWECON Pressure of Feedwater at Economizer 2:734 psia
PCNDOS Pressure of Condensate out of Heater 4 174.5 psia
TDREA Temperature of Feedwater ‘Heater 84 Drains 4B6.4 F
“TDR8B Temperature of Feedwater Heater 8B Drains . 485.6 F
TDR7A Temperature of Feedwater Heater 7A Drains 404.6 ¥
TDR7B Temperature of Feedwater Hester 7B Drains 402.8 F
TDRG6A Temperature of Feedwater Heater 64 Drains - 383.2 F
TDR6B Temperature of Feedwater Heater 6B Drains 3533.4 F
TOR4G Temperature of Feedwater Heater & Drains 269.0 F
TDR3 Temperature of Feedwater Heater 3 Drains 265.3 F
TDRZ Temperature of Feedwater Heater 2 Drains 167.9 F
TDR1 Temperature of Feedwater Heater 1 Drains i61.4 ¥
TFWOBA Temperature of Feedwater ocut of Feedwater 551.8 ¥
: Heater BA
TFUOTA Temperature of Feedwater -out of Feedwater 479.2 F
: Heater 7A
TFWOGA Temperature of Feedwater out of Feedwater 385.3F
Heater 6A ’
TFUOBER Temperature of Feedwater out of Feedwater 552.5 F
’ Heater 8B y
TFHOTB Temperature of Feedwater out of Feedwater 478.4 F
Heater 7B
112487
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Variable Description Test & Value

TFUOLR Temperature of Feedwater out of Feedwater 3946.5 F
Heater 6B

TFHOS Temperature of Feedwater out of Deaerating 340.4 F
Heater & ‘

TONDODSG Temperature of Condensate out of Feedwater 286,86 F
Heater 4

TCHDO3 Temperature of Condensate out of Feedwater 264,2 F
Heater 3

TCNDO2 Temperature of Condensate out of Feedwater 185.8 ¥
Heater 2

TCNDO1A Temperature of Condensate out of Feedwater 160.9 ¥
Heater 14

TCHDDIB Temperature of Condensate out of Feedwater 160.1 F
Heater i :

TCNDOIC Temperature of Condensate out of Feedwater 160.7 F
Heater 1C

TONDI4 Temperature of Condensate into Feedwater 264.2 F
Heater & :

TCNDI3 Temperature of Condensate into Feedwater 196.6 F
Heater 3 :

TCNDI2 Temperature of Condensate into Feedwater 166.0 F
‘Heater 2

TOHNDIY Temperature of Condensate into Feedwater 133.4 ¥
Heater 1 :

TCHDIDC Temperature of Condensate into Drain Cooler 127.6 ¥

PCHDIS Pressure of Condensate into Deaerator 141.2 psia

PCNDDCI Pressure of Condensate into Drain Cooler 222.2 psia

PEXTS4 Pressure of Steam at Stage 4 Ezxtraction 1,075.4 psia

TEXTS4 Temperature of Steam at Stage & Extraction 780.,2 F

PORH Pressure of Cold Reheat Steam 571.5 psia

TCRH Temperature of Cold Reheat Steam -619.1 F

PEXTS11 Pressure of Steam at Stage 11 Extraction 231.6 psia

TEXTE11 Temperature of Steam at Stage 11 Extvraction B803.5 F

PEXTS14 Pressure of Steam at Stage 14 Extraction 121.6 psia

TEXTE14 Temperature of Steam gt Stage 14 Extraction 622.2 F

PEXTS15 Pressure of Steam at.Stage 15 Extraction 64.6 psia

TEXTS1S Temperature of Steam at Stage 15 Extraction 526.6 F

PEXTS 16 Pressure of Steam at Stage 16 Extraction 39.33 psia
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Variable Description . Test 6 Value
TEXTE16 Temperature of Steam at Stage 16 Extraction 422.4 F
PEXTS18 Pressure of Steam at Stage 18 Extractiom 11.52 psia
TEXTS18 Temperature of Steam at Stage 18 Extraction 233.8 F
PEXTS19 Pressure of Steam at Stage 19 Extraction 4.943 psia
PHDA Pressure of Condenser Hood A 2,056 psia
PHDB Pressure of Condenser Hood B 1.980 psia
PHDC Pressure of Condenser Hood C 1.267 psia
TMS Temperature of Main Steam 996.5 F
PME Presgure of Main Steam 2,3%4.1 psia
THRH Temperature of Hot Reheat Steam 1,803.1 F
PHRH Pressure of Hot Reheat Steam 527.% psia’
PHRHE Pressure of Hot Reheat Steam a8t IP Turbine 521.0 psia
' Bowl »
PCXO Pressure of Crossover Steam 118.6 psia
TCXOB Temperature of Crossover Steamat 1P 618.8 F
Turbine Bowl
PCNDS Pregssure of Condenser, Specifiéd' 1.5 in. Hg
DERFP1A Differential Pressure of Seal Injection 3.095 psid
Water to Boiler Feed Pump 14 '
DEBFP1B Differential Pressure of Seal Injection 1,119 peid
. Water to Boiler Feed Pump 1B
DPBFPIC Differential Pressure of Seal Injection 11,162 psid
4 Water to Boiler Feed Pump 1C
DPBFP2A Differential Pressure of Seal Injection 2468 peid
Water to Booster Boiler Feed Pump 2A
DPBFP2RB Differential Pressure of Seal Injection 6.487 psid
Water to Booster Boiler Feed Pump 2B
DPBFP2C Differential Pressure of Seal Injection 6.172 ‘psid
Water to Booster Boiler Feed Pump 20
TCWOA Temperature of Circulating Water out of 117.9 F
HP Condenser A
TCHOB Temperature of Circulating Water out of i16.2 F
IP Condenser B : -
TCWOC Temperature of Circulating Water out of 06,5 ¥
LP Condenser ©
TCWIA Temperature of Circulating Water into 100.5 F
HP Condenser A
112487
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Variable Description Test 6 Value
TCWIB Temperature of Circulating Water into 86.5 F
IP Condenser B
TRUTTTTTUUUTTRWIC Temperature of Circulating Water into 86.5 F
: _ LP Condenser C
- TIME Time Length of Test Z hours
PHACKT Phase ‘A Watt Meter Counts 20,693
PHBCNT Phase B Hatt Meter Counts 20,088
PHCCHT Phase C Watt Meter Counts 18,818
PHAV Phase A Becondary Volts 129.374
PHBY Phase B Secondary Volts 128.172
PHCV Phase C Secondary Volis 128,565
PHAA Phase A SBecondary Amps 3.884
RHBA Phase B Secondary Amps 3.924
PHCA Phase C Secondary Amps 3.911
. PDRUM Boiler Drum Pressurs 2,667.4 psia
. Test -6
Calculated
Variable Description Value
QGEN Generator Output 860,776 LW
APF Average Power Factor 0.9891
VSTD Specific Volume Water at Standard 0.91605
' Conditions ft flbm
VEND Specific Volume of Condensate at Flow 0.91740
Section ft llbm
~ VAMBC Specific Volume of Condensate at Ambient 0.01610
Temperature. at Flow Section ft llbm
VFW Specific Volume of Feedwater at Feedwater 0.921209
Flow NHozzle it /1bm
YFGR Specific Volume of Flue Gas Reheat at Flow 0.01685
Nozzle £e7/1b
VLO4G Specific Volume of Leakoff Steam Number 4 5.3507
, ft‘/lbm
* V106 Specific Volume of Leskoff Steam Number 6 5.3218
\ ft /lbm
N VCLGLO Specific Volume of IP'Rotor Cooling Steam 1.&033
ft~/1b
|
. 112487
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Variable Description

YVELO Specific Volume of Valve Stem Leakoff

ViO2 ‘Specific Volume of Bteam Leakage Number 2

ViOS - Specific VYolume of Steam Leakage Number 5

V07 Specific Volume of Steam Leakage Number 7

VLO8 Specific Volume of Steam Leakage Number 8

V109 Specific Volume of Steam Leakage Number 9

HLO4 Enthalpy of Steam Leakage Number 4

HLOG Enthalpy of Steam Leakage Number 6

HLD2 Enthalpy of Steam Leskage Mumber 2

HLOS Enthalpy of Steam Leakage Humber 3

HLOT - Enthalpy of Steam Leakage Wumber 7

HLOB Enthalpy of Steam Leakage Humber 8

HLOY Enthalpy of Steam Leakage Humber 9

VIV1A Specific Volume of Steam Seals Steam to
Heater 1A

HDV1A Enthalpy of Steam Seals to Heater 1A

VEXTBFPTA Specific Volume of Boiler Feed Pump
Turbine A Extraction Steam

VELTBFPTIB Specific Volume of Boiler Feed Pump
Turbine B Ezxtraction Steam .

HBFPTTA Enthalpy of Boiler Feed Pump Turbine A
Throttle Steam ‘

VFWPDA Specific Volume of Feedwater at Boiler

‘ Feed Pump A Discharge
112487
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Test 6
Caleulated
Value

l.§90
£t=/1b
m

1.&90
ft llbm

£t°/1b
m

5.378
ft /lbm

5.316
ft~/1b
m

.5.391
ft~/1b
m

1,329.22
Btu/lbm

1,374.27
‘Btu/lbm

1,458.48

'Btu/lbm

1,318.93
Btu!lbm

1,369.32
Btu/lb

1,345.70
'Btn/lbm

1,350.71
»Btu/lbm

131.75

ft llbm

1,361.95
Beu/lb
m
,5.%977
ft /1bm
5.3938
ft llbm

1,337.62
Btu/lbm

0.017701
ft /lbm
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Variable

Description

VFWPIA
VCNDPD
HEXT8A
HEXT8B
HEXT7A
HEXT7B
HEXT6A
HEXT6B
HEXTS
HEX'T4
HEXT3
HEXT2
HEXT1
TSEXT8A
TSEXTSB
TSEXT7A
TSEXT7B
TSEXT6A

TSEXT6B

112487
9255291

Specific Volume of Feedwater at Boiler
Feed Pump A Inlet

Specific Volume of Condensate .at
Condensate Pump Discharge

Enthalpy of
Steam

Enthalpy of
Steam

Enthalpy of
Steam

Enthalpy of

Steam

Enthalpy of
Steam

Enthalpy of
Steam

Enthalpy of
Steam

Enthalpy of
Steam

Enthalpy of
Steam

' Enthalpy of

Steam

Enthalpy of
Steam

Temperature

Temperature of Feedwater

Feedwater Heater 84 Extraction

Feedwater

Feedwater

Feedwater

Feedwater

Feedwater

Feedwatey

Feedwater

Feedwater

Feedwater

Feedwater

Heater
Heater
Heater
Heater
Hgater
Heater

Heater

‘Heater

Heater

Heater

8B Extraction
TA Bxtraction
7B Extraction
64 Extraction

68 Ezxtraction

5 Extraction
4 Extraction
3 Extraction
2 Extraction

1 Extraction

of Feedwater Heater BA
Saturated Steam

Saturated Steam

Temperature of Feedwater
Saturated Steam

Heater BB

Heater 74

Temperature of Feedwater Heater 7B
Saturated Bteam

Temperature of Feedwater

Saturated Steam

Temperature of Feedwater

i

Saturated Steam

Heater B8A

Heater 6B

Test &
Caleculated
Yalue

~0.917853 '
£e7/1b

0.01621
ft”/1b
&

1,377.78
Btu/lbm

1,378.17
Btu/lbm

1,304.60
'Btuflbm

1,304.90
Btu/lbm

1,425.76
vBtullbm

1,426.53
'Btu/lbm

1,337.83
Btu/lbm

1,280.46
Btu/lbm

1,243.89
Btu/lbm

. 1,162.29
Btu/lbm

1,090
Btu/lb
m
552,22 F
551.78 F
478.27 F

394,00 F

393.33 F
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Variable

Description

TSEXTS
TSEXT4
TSEXT3
TSEXT2
TSEXT1A
TSEXT1B
TSEXT1C
HDR8A
HDRSB
HRD7A
HDR7B
HDR6A
HDR6B
HDRS
HDR4
HDR3
HDR?2
‘HDR1

HFWO8A

112487
9255291

Temperature of Feedwater
Saturated Steam

Temperature of Feedwater

Saturated Steam

Temperature of Feedwater
Saturated Steam

Temperature of Feedwater
Saturated Steam

Temperature of Feedwater
Saturated Steam

Temperature of Feedwater
Saturated Steam

Temperature of Feedwater
Saturated Stean

Heater 5
Heater 4
Heater’3 '
Heater 2
Heater 14
Heater 1B

Heater 1C

Enthalpy

Enthalpy

Enthalpy

Enthalpy

Enthalpy
Entha}py
Enthalpy
Enthalpy

Enthalpy

Enthalpy

Enthalpy

Enthalpy

0f Feedwater

of

of

of

of

of

of

of

of

of

of

of

Heater BA

Feedwater

Feedwater

Feedwater

Feedwater

Feedwater

Feedwater
Feedwater
Feedwater
Feedwater
Feedwater

Feedwater

Heater 84 Drains
Heater 8B Drains
Beater 74 Drains

Heater 73 Drains

Heater 64 Drains

Heater 6B Drains
Heater 5 Drains
Heater -4 Drains
Heater 3 Drains
Heater 2 Drains

Heater 1 Drains

‘out of Feedwater

5-10

©380.42

Test 6
Calculated
Value

340.22 F

206.30 F ;
264.17 F
197.95 F
161.17 F
160.34 F
166.07 F

471.72
’Btu/lbm

470,80
,Btullbﬁ

Btu/lb
(]

378.47

Btu/lb_

325.29
'Btu/lbm

325.56
Btu’/lbm

311.68
Btullbm

237.99
Btu/lbm

173,50
-Btullbm

135;8§
Btu/lpm
129.35
Btu/lbm

548,25
Btu/lbm
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Variable Desecription
HFWOBE ‘Enthalpy of Feedwater out of Feedwater
' Beater 8B

BFUOTA Enthalpy of Feedwater out of Feedwater
‘Heater 74

HFWO7B Enthalpy of Feedwater out of Feedwater
Heater 7B ,

HFWO6A Enthalpy of Feedwater out of Feedwater
Heater 6A :

HFWO6B Enthalpy of Feedwater out of Feedwater
Heater 6B

HFWI6a Enthalpy of Feedwater into Feedwater
Heater 64

HFWIGH Enthalpy of Feedwater into Feedwater
Heater 6B

HFWOS Enthalpy of Feedwater out of Feedwater
Heater 3

HCNDO4 Enthalpy of Condensate out of Feedwater
‘Heater 4 o

HONDO3 Enthalpy of Condensate out of Feedwater
Heater 3

HONDOZ Enthalpy of Condensate out of Feedwater
Heater 2 :

HCNDO1A Enthalpy of Condensate out of Feedwater
Heater 14

HCRDO1B Enthalpy of Condensate out :.0of Feedwater
Heater 1B

'HCNDO1C Enthalpy of Condensate ocut of Feedwater
Heater 1C

HCHDIS Enthalpy of Condensate into‘Feedwater
Heater 5 :

HCNDI4 Enthalpy of Condensate into Feedwater
Heater 4

'HCNDI3 Enthalpy of Condensate into Feedwater
Heater 3 j

HCONDIZ Enthalpy of Condensate into Feedwater
Heater 2

HOWDIL Enthalpy of Condensate into Feedwater
Heater 1

112487
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Test 6
Calculated
Value

549,13
Btullbm .

463.97
Btu/lb

463.04
.Btu/lbm

373.42
Btu/lbm

372,56
Btu/lb

321.76
Btu/lbm

321.49
'Btuilbm

311.68
TBtu/lbm

266.42
Btu/lbm

233,29
B:u/lbm

164,30
Btu/lbm

128.32
Btu/lbm

128.53
Btu/lbm

129.16
~Btu/1bm

265.64
Btu/lbm

233.36
Btu/lbm

165.07
’Btu/lbm

128.40
Bru/lb_

101.89
Btu/lb_
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Test 6

Caleulated
Variable Description Yalue
HEXTS4 Enthalpy of Stage 4 Extraction Steam 1,378.64
: .Btullbm
HCRH Enthalpy of Cold Reheat Steam 1,304.12
: Btu/lbm
HEXTS11 Enthalpy of Stage 11 Eztraction Steam 1,425.82
Btu/lbm
HEXTS14 Enthalpy of Stage 14 Extraction Steam 1,338.93
. Btu/l"bm
HEXTS15 Enthalpy of Stage 15 Extraction Steam 1,295.66
: ‘ Btu/lbm
HEXTS16 Enthalpy of Stage 16 Extraction Steam 1,247.42
. Btu/lbm
HEXTS18 Enthalpy of Stage 18 Extraction Steam 1,162.10
_ Btu/lbm
HEXTS19 Enthalpy of Stage‘19 Extraction Steam 1,090
Btu/lb_
HCND Enthalpy of Condenser 1A Hot Well Saturated 95,04
Water °Btu/1bm
HMS Enthalpy of Main Steam 1,458.48
Btu/lb
8M8 Eatropy of Main Steam 1.531348
Btu/lbm'ﬂ
HHPS Enthalpy of High~Pressure Turbine Exhaust 1,283.72
Steam st Constant Entropy Btu/lbm
HHRH Enthalpy of Hot Reheat Steam 15521.65
Btu/lbm
SHRH Entropy of Hot Reheat Steam 1.733338
: Btu/lb R
HCHO Enthalpy of Intermediate Pressure Turbine 1,337.42
‘ Exhaust Steam Btu/lbm
HIPS Enthalpy of Intermediate Pressure Turbine 1,322.51
Exhaust Steam at Constant Entropy Btu/lbm
BCXO Entropy of Low-Pressure Turbine Bowl Steam 1.747345
) Btu/lb R
HLPS Enthalpy of Low-Pressure Turbine Exhaust 1,007.98
Steam at Constant Entropy Btu/lbm
HONDPD Enthalpy of Condensate at Condensate Pump 93.61 -
Discharge Btu/lbm
112487
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' Test 6
falculated
Variable Description Value
« HEWA Enthalpy of HP Condenser 1A Hot ‘Well 95.04
‘ 'Btullbm
HEWB Enthalpy of IP Condenser 1B Hot Well 93.66
- ' Btu/1b
HHRC Enthalpy of LP Condenser 10 Hot Well 77.77
Btn/lbm
HAME Enthalpy of Saturated Watevr 171.8
i Btu/lbm
HAMBCW Enthalpy of Circulating Water at Ambient 35.37
Temperature and Pressure Btu/lbm
HDRUM Boiler Drum Enthalpy 753.2
Btu/lb
m
PN
&
| 112487
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CALCULATION OF CONDENSATE FLOW

x 3600 gsec x 1 X

ft3

1 -h YOND

Ax (2 x G)O'S vaA

R FCND =
KM =
A =
G =
FA =
B =
C =
FCND =

CALCULATION OF FEEDWATER FLOW FROM NOZZLE PRESSURE DROP

(1_34)0.5

Hozzle Throat Area =

Local Acceleration of Gravity = 32.138 ft/sec?
Hozzle Temperature Expansion Factor = 1,0040
RBatio of Throat Diameter to Pipe Dismeter = 0.4233

4.32240

Hozzle Discharge Coefficient = 0.9977

4,525,831 lbm/h

FFd =( x KM x [(DPFWN = 33
% 3600 gsec x 1 ft3
ih VFd 1b
m
2
A = $,3323 f¢
B = §.4836
FA = 1.0091
C = ,9980
FFY = 6,234,122 lbm/h
=
/
’ 112487
9255291

1b
m

0.5283 ft2

.9 £t Hz

5=14

€ x K, x [(DPCND x 33.9 £t H,0 x VCND)/(14.696 psia x vs1D)]°*>

0x VFW)/(I#.GQ&Vpsia x VSTD)}0°5

IP14_000888
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CALCULATION OF FLUE GAS REHEAT FLOW

FFGR = 0.525 in. x D° x C x F, x (DPFGR x VFGR)**> x 3600 x )
V£ . VFGE
t 8séc
D = Diameter of Orifice = 7.2037 in,
C - = 0.65
F, = 1.0030
FFGR = 934,100 1b_/h

' CALCULATION OF STEAM LEAKAGE NUMBER 4 FLOW

FLO4 = 1890.07 x D> x K x E x Y x [DPLO4/VL04]"">
D = Orifice Diameter = 3.216 in.
B = 0,799 : g
1 4 = Nozzle Discharge Coefficient = 0.7800 A
E = Nozzle Expansion Factor = 1 + 2 (9 x 10~6) (TLO4=70F) = 1.0096
Y = Expansion Factor for Compressible Flow =

1 - (0.41 + 0.35 B%) pPLO4 = 0.99678

PLO4 x (1.3)

FLO4 = 6,345 lbm/h

CALCULATION OF STEAM LEAKACE NUMBER 6 FLOW

1890.07 x D> x K x E x Y x [DPLO6/VLO6]" ">

FLO6 =
D = 2.890 in.

B = 0.7178

K = 0.7130

E = 1.0112

Y = 0.9849

FLO6 = 10,088 1b_/h ’

112487 ,
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CALCULATION OF IP ROTOR COOLING STEAM FLOW

FCLGLO

oMK W O

FCLGLO

it

L}

|

1890.07 x D° x K x E x Y x [DPCLGLO/VCLGLO]®*>

2,00 in,
0.5227
0.627
1.0135
0.9874
17,755 1

b /h

CALCULATION OF VALVE STEM LEARKOPFF FLOMW

FVSLO

D
B

2 4
FVSLD

i

1890.07

1.818 in
0.7826

0

O lbm/h

x Dz

x Rz ExYzx {DPVSLO/VVSLO]O'S

CALCULATION OF STEAM LEAKOFFS 2, 5, 7, 8, AND 9

FLO

FLO2
FLO3
FLOS
FLO?
FLOS
FLO9

112487
9255291

]

[

-{PLO/VLD
935 1b /

m
37,503 1
3,916 1b
4,634 1b
2,621 1b
2,646 1b

)°‘5 x PC

h

b, /b
/h
/h
/h
/h

=]

5~16
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CALCULATION OF STEAM SEALS FLOW TO HEATER 1A

1890.07 x D> x K x [DPDV1A/vDV1A]®?

FDV1A =
D = 12,000 in.
K =”0§76

FDV1A = 3,466 1b_/h

CALCULATION OF STEAM SEALS FLOW TO CONDENSER

FDVCND = 1890.07 x pPPxKx {DPDVCND/VDVCND]D'S
D = 10,020 in.

e = 0,76

FDVCND = 0 lbmlh

CALCULATION OF BOILEBR FEED PUMP TURBIKE STEAM PLOW

PSBFPT =358.93x Cx Yx F, x D2 x [(DPEXTBFPT x 406.8 in. H,0)/
(14.696 psia x VEXTBFPT)}°'51(1~34)

»D =77-809 ino

CA = 0,997

F, = 1,0105

Y = 0.970

B = 0.45269

FSBFPTA= 124,730 1bm/h

C, = 0,997

Fy = 1.0105

Y =‘0.968

FSBFPTB = 130,361 lbm/h

112487
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CALCULATION OF BOILER FEED PUMP SEAL INJECTION FLOWS

FBFPI

vy

1

1a
1B
ic

&G 0O O w o

FBFPLAI

FBFPLIBI
FBFPLICI

2

24
2B
2¢

[T o BN « BN~ - v
3

FBEPZAL -

FRFP2BI
FEFP2CI
FRFPLRJ
FBFPZRI
FMSA

FBFPSIR

112487
9255291

it

i

0.0438 x C x D° x F, x (DPBFPI x 33.9 ft H,0/14.696 psia)o's

% 3600 sec x 1
h VCNDED

1.601
0.9522 in.

"0.49106

0.620
0.620

0.619

14,622 1b_/h
8,792 1b /b
27,724 1b_/h
0.92515 in.
0.6168
0.658

0.657

0.657

13,083 1b_/h
21,178 1b_/h
20,657 b /h

Boiler Feed Pump Rejected Seal Injection Flow = 18,560,1bm/h

Booster Feed Pump Rejected Seal Injection Flow = 47,275 lbm/h
Flow of Main Steam Attemperator = 0 1b_/h

Boiler Feed Pump Betained Seal Injection Water

FBFPI - (FBFPIRJ + FBFP2RJ)

40,221 lbm/h

3~-18
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CALCULATION OF FEEDWATER HEATER 8 EXTRACTION FLOWS

(Assume half of feedwater flow through each feedwater heater string and no

heat loss from heaters)

FEXT8A =

FELTEB =

L}

CALCULATION OF FEEDWATER HEATER 7 EXTRBACTION FLOWS

FEXTIA =

FEXT7B =

CALCULATION OF FEEDWATER HEATER & EXTRACTION FLOWS

PEETEA =

FELTER =

i

112487
9255291

FFW (HFHO8A - HFWOT7A)
2 (HEXT8A -~ HDR8A )
0.04651 FFW

FFW (HFWOBB - HFWO7B)
2 (HEXTSB - HDRESB }

0.04744 FFW

FFW (0.5)(HFWO7A

HFWO6A) + FEXT8A (HDR7A - HDRSA)

~ (HEXT7A -
0.04439 FFW

PP (0,5 )(HPYUOTR

HDR7A )

HFWO6B ) + FEXTHSB (HDR7B - HDRB8B)

(HEXT7B
0.04410 FFW

FEW {(0.5) (HFWOBA

HDR7B )

HFWIGA) + (FEXT7A + FEXTBA) (HDR64A - HDR7AD

(HEXTHA
0.01892 FFW

FFW_(0.5) (HFWO6B

HDR6A )

HFWIG6B) + {FPEXTVB + FEXT8R) (HDREBR ~ HDRTB)

(HEZT&ER
0.01883 FFW

HDR6B )

5-19
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CALCULATION OF DEAERATING HEATER 3 EXTRACTION FLOW

HEAT BALANCE AROUND HEATER 5

[(FFW - FBFPSIR + FMSA)(HFWOS) - FCND (HCNDIS) -

FEXTS =
(FEXT8A + FEXT7A + FEXT6A)(HDR6A) - (FEXT8B + FEXT7B + FEXT6B)
(HDR6B) - FFGR (HFGRR - HFWO5) - FLO4 (HLO4) - -FLO6 (HLOG)]/HEXTS
FEXT5 = 0.17941 FFW - 847,297 lbm/h

MASS BALANCE AROUND HEATER 5

FEXTS = FFW = FBFPSIR + FMSA - FCND - FLO4 - FLO6 - FEXTBA - FEXT7A -~

FEXT64 «~ FEXTBE - FEXT7B - FEXT6B
FEXTS = 0.77981 FFW - 4,582,485 1bm/h

SOLVING EQUATIONS SIMULTANEOUSLY
FFW = 6,221,229 1b_/h

THUS SOLVING FOR HEATER EXTRACTION FLOWS

FEXT8A = 289,343 1b_/h
FEXTSB = 295,131.1bm/h
FEXT7A = 276,190 1bm/h
FEXT?B = 274,386 1bm/h
FEXT6A = 117,692 1b /h
FEXT6B = 117,133 1b_/h
FEXTS = 268,869 lbm/h

CALCULATION OF PEEDWATER HEATER 4 EXTRACTION FLOW

FEXT4 = FCND (HCNDO4 - HCNDI4)
(HEXT4 -~ HDR4 )
FEXT4 = 142,165 1b_/h R
112487
9255291 5=20
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CALCULATION OF FEEDWATER HEATER 3 EXTRACTION FLOW

FCND (HCNDO3 -~ HCNDI3) + FEXT4 (HDR3 -~ HDR4)
(HEXT3 - HDR3 )

279,883 1b_/h

i

FEXT3

FEXT3
CALCULATION OF FEEDWATER HEATER 2 EXTRACTION FLOW

. FCND (HCNDO2 - HCNDI2) + (FEXT3 + FEXT4)(HDR2 ~ HDR3)
(HEXT2 ~- HDR2 )

FEXT2 = 142,806 lbm/hv

FEXT2

CALCULATION OF FEEDWATER HEATER 1 EXTRACTfON FLOW

. FCND (0.3333)(HCNDOlA - HCNDI1) + FDV1A (HDR1 - HDV1A)

VFEXTlA (HEXT1A =~ HDR1 )
FEXT1A = 38,629 1bm/h

_ FCND (HCNDOLB -~ HCNDIL)
FEXTIB = =3~ (HEXT1B - HDRL )
FEXT1B = 41,836 lbm/h

_ FCND (HCNDOLC ~ HCNDI1)
FEXTIC = ==3"HEXTIC - HDRL )
FEXTIC = 42,825 1b /h

Generator output is calculated with the equations provided in the
Appendixz. _ '

Test turbine stage flows and condenser flows are then calculated by
performing a mass balance around the turbine. )

The used energy end point of the turbine is calculated by performing a
heat balance around the turbine using the measured generalor output and
measured condenser flow.

The expansion line end point (ELEP) of the turbine is then iterated by
assuming a steam quality at the test exhaust pressure and calculating the
ELEP. This is done until the ELEP between successive iterations varies
less than 0.1 Btu/lbm. b

112487
9255291 5-21
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The turbine stage efficiencies are then calculated as follows,

_(HMS - HCRH)

% "HPEFF = High~Pressure Efficiency =(iMS — HEPS) * 100 percent = 88.33 percent
IPEFF = Intermediate Pressure Efficiency =§gg§g :'ggig; x 100 percent

= §2.5]1 percent
LPEFFE = Low-Pressure Expansion Line End Point Efficiency
(HCX0 - ELEP)

= {acxo - HLPS) X 100 percent = 93.06 percent
LPEFFU = Low-Pressure Used Energy_End Point Efficiency
(HCXO - UEEP)

= {(HCYO - HLPS) x 100 percent = 90.63 percent

GROUP 1 CORBECTIONS
‘ To accurately compare the test results from sach load against the
guarantee heat rate, it is necessary to correct the cycle from actual test
conditions to specified conditions.
CE ‘; : - This is accomplished by calculating the test main steam flow and then
assuming the following specified conditionms.
(1) No main or reheat steam attemperation.
(2) No change in water level in the system or makeup.
(3) No boiler feed pump seal injection. _
(4) Specified terminal difference and subcooler approach temperatures
in the feedwater heaters.
(5) Specified enthalpy rise across the condensate, boiler, and
booster boiler feed pumps.
(6) No subcooling of condensate leaving the condenser.
(7) Specified pressure drops in feedwater heater extraction lines.
(8) Seventy-five percent engine efficiency of boiler feed pump~boiler
feed pump turbines.

{9) HNo heat loss from extraction lines.

- (10) Specified flue gas reheat heat loss from deaerator.
¥

112487
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Test flow/stage pressure ratios are calculated after each stage in the

turbine with test temperatures and stage pressures. Then, new ezxtraction

flows are calculated using specified extraction line pressure drops, feedwater

heater temperature differences, and all other specified conditions as ‘stated

previously.

New boiler feed pump turbine -steam flows were calculated from the

General Electric design heat balances .and using 75 percent engine -efficiency

since the boiler feed pump turbines were not tested.

Test Relationship -w~lbm/h P-psia W/p
Throttle Flow 6,221,229 -
“Valve Stem Leakoff =535
IP Cooling Leakoff 17,755
Ho. 3 Gland Leakoff ‘ -=37,503
Ho. 8 Extraction Flow =584 ,474
Steam Flow Following Extraction 5,580,562 1,075.375 5,189.41
Ho. 4 Gland Leakoff =$, 345
Ho. 5 Cland Leakoff =3,916
Ho. 6 Gland Leakoff =10, 088
Bo. 7 Gland Leakoff w634
No. 7 Extraction Flow «~550,573
Ho. 3 Cland Leakoff +37,503
Reheat Steam Flow 5,062,507
Valve Stem Leskoff +0
IP Cooling Leakoff +17,755
Steam Flow at IP Turbine 5,060,262 521.025 9,712.13
Ho, G'Ex;raction Flow -234,825
Steam Flow Following Extraction 4,825,437 231.645 “ 20,831.17
Wo. 5 Extraction Flow =268,869
) BFPT Extraction Flow =355,0082
No. & Gland Leakoff -2,621
Ho. 9 Gland Leakoff .o =2,646
Crossover Steam Flow 4,296,209 121.608 35,328.3
No. 4 Extraction Flow -~142,165 '
112487
9255291 5=23

IP14_000897

A A N ST P e i S A L




e
Z
Ed
=,
&
Z
-

Test Relationship 'W*lbm/h P-pgia w/p
Steam Flow Following Extraction 4,154,044 64.573 64,329
No. 3 Extraction Flow -279,883

Steam Flow Following Extraction 3,874,161 39.325 ‘98,516
No. 2 Extraction Flow -142,805 ’ ‘

Steam Flow Following Extraction 3,731,356 11.519 323,931
Ho. 1l Extraction Flow -123,290 '

Steam Flow to Condenser 3,608,066 4.943 729,934

With the high-pressure turbine exhaust pressure kept constant, new

stage flows are calculated for the turbine -and the flow at éach'stage ig-

divided by the test flow/stage pressure ratio to find mew extraction

pressures. I1f these new extraction pressures vary by more than 1 perzent

from the previous extraction pressures, -stage flows and stage extraction

pressures are iterated until the difference in extraction pressures on all

heaters between two successive iterations is less than 1 percent.

Iterated Stage Flows

Flow, 1b_/h

First Iteration

Second Iteration

Throttle Flow

Valve Stem Leakoff
Ip Cooling Leakoff
Ho. 3 Gland Leakoff
No. 8 Extraction Flow

Steam Flow Following Extraction
Ho. 4 GCland Leakoff

Ho. 3 Gland Leakoff.

Ho. & Cland Leakoff

Ho. 7 Gland Leakoff

Ho. 7 Extraction Flow

No. 3 Leakoff Flow

112487
9255291

6,221,229
935
17,755

37,503

589,765

5,575,271
6,345
3,916

10,088

‘563,230
37,303

Be2dy

6,221,229
935
17,755
37,503
588,760

5,576,276
6,345
3,916

10,088
4,634
564,540
37,503

IP14_000898




Iterated Stage Flows

Flow, lbm/h

First Iteration

Second Iteration

Reheat Steam Flow
Valve Stem Leakoff
IP Cooling Leakoff
Steam Flow at IP Turbine

Ho. 6 Extraction Flow

Steam Flovaollowing Extraction
No. 5 Extraction Flow |

BFPT Extraction Flow

No. 8 Gland Leakoff

Ho. 9 Gland Leakoff

Crossover Steam Flow

Ho. 4 Extraction Flow

Steam Flow Following Extrsection
Ho. 3 Extraction Flow

Steam Flow Following Extraction

No. 2 Extraction Flow

Steam Flow Following Extraction

Ho. 1 Extraction Flow

Steam Flow to Condenser

112487
9255291

- 5,024,561

0

17,755
5,042,316
229,485

4,812,831
255,560
294,815

2,621
2,646

4,257,189
139,680

4,117,309

278,500

3,839,009
156,270

3,682,739
112,660

3,570,079

5=25

5,024,256
0

17,755
5,042,011
231,590

4,810,421
255,035
294,815

2,621
2,646

4,235,304
139,360

44115 ,944

278,515

3,837,429
155,395

- 3,682,034

110,795

3,571,239

IP14_000899




Second

Iterated Stage Pressures, psia Test g:z::tion Iteration
Stage 4 1075.375  1,074.356 1,074,549
¥ Hot Reheat A 521.025 319.177 519.146
Stage 11 231.645 231.040 230.924
v Stage 14 121.608 120.504 120.450
Stage 15 64.575 64..007 63.983
Stage 16 39.325 38.968 38.952
Stage 18 11.519 11.369 11.367
Stage 19 4.943 4,891 4.893

A new corrected generator load is calculated by performing a heat

balance around the turbine using the new turbine flows. Electrical and

mechanical losses in the genmerator are subtracted to find the corrected

generator load.

¥ The heat rate is then calculated using the new reheat flow .and hot

reheat enthalpy, condensate flow, and the specified enthalpy rise across

'fQ the condensate and booster boiler feed pumps.

- QINPUT
Heat Rate QCEN

Corrected Generator Load

FMS (HMS-HFW08)1¢'FFW (DHBBFP)—+<FCND (DHCNDP)

_ + FRHS (HHRH - HCRH) + 0.001 FFW (HDRUM - HFWOB)
DHCHDP = Specified Enthalpy Rise Across Condensate Pump
DHBBFP

QGEN
QINPUT

Test 6 Group I Corrected BHeat Bate
= [6,221,229 (1,458.48 - 548.25) + 6,283,440 (1.45

Specified Enthalpy Rise Across Booster Boiler Feed Pump

3o+

4,627,080 (1.48) + 5,024,256 (1,521.95 - 1,304.12)1/854,450.2

= 7,928.4 Btu/kih

112487
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Group I correctioms are then applied to the heat rate and load for

nonspecified turbine steam conditions as follows.

_ Heat Rate Load

) Initial Throttle Pressure 1.0005 $.9820
initial Throttle Temperature 1.0008 1.0005

¢ Reheater Pressure Drop 0.9977 i1.0060 t
Exhsust Pressure 1.02134 8.9791
Hot Reheat Steam Temperature 0Q9996 1.0015

Corrected Heat Rate {Group I}
Total Group II Heat Rate Corrections

Corrected Heat Rate =

Corrected Load {Group I)
Total Group II Load Corrections

Corrected Load o=

Total Group II Heat Rate Corrections = 1.01991
Total Group II Load Corrections = 0,9790

. Corrected Heat Rate = 7773.6 Btu/kWh
Corrvected Load = 872,779 k¥

CALCULATiON OF FEEDWATER HEATER PERFORMANCE

"D

#

Terminal Temperature Difference
= THAT - TFWI
‘TSAT = Saturation Temperature of Extraction Steam at Test Pressure

TFWO = Temperature of Feedwater out of Heater

§A = Subcooler Approach Temperature
= TDR - TFWI '
TDR = Feedwater Heater Drain Temperature

TFWI = Temperature of Feedwster into Heater .
ThBA = Q.42 F

SABA = 7.18 F
TDSB = =0.74 F
» SABB = 7,22 F F

| TD74 = -0.98 F |

o SATA = .25 F h :
TD7B = =0.15 F ;

’ 112487
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SA7B
TD6A
SA6A =
TD6B
SA6B =
™5 =
™ =
SA4 =
™3 =
SA3
TD2
sA2 =
TD1A
TDIB -
TD1C
SAl

i

=014

8.26

-1.33
7.51

-1.22
8.03

-0.28
4.79
=001
8.74
2.13
7.90
0.29
0.25
5.35
5.45

vy ey vmp ey vmg sy e vm) veg teg ey bwg i e e ey

CALCULATION OF BOILER FEED PUMP PERFORMANCE

Flow Feedwater Boiler Feed Pump A (Station Data) = 2,970,960 lbm/h

FFWBFPA =

DH = Developed Head

VF = Volumetric Flow

OVF = Corrected Volumetric Flow
S ohE = (orrected Developed Head

EDH = Expected Developed Head

RP = Relative Performance )
8G = Specific Gravity of Water Pumped

EFFBFPA = Boiler Feed Pump A Efficiency

EFFBFPA = VF x DH x SC x 100 x 8.33/(33,000 x HPBFPTA)
VFWPA = Average Specific Volume Water Pumped

DH = [(VFWPDA x PFWPD) - (VFWPIA x PFWPI)] x 144 in.2/£t2
DH = 6,624.2 ft

VF = FFWBFPA x VFWPA x 7.4805/60

VE = 6,584.6 gpm

112487
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) CVF VF x 5,700 rpm/SPBFPTA
CVF = 7,153.6 gpm ﬂ
DH x (5750)2/5PBFPTA

CDH =
N coH = 7,818.5 ft
EDH = £{CVF)
v = 8,562.8 ft
RP = DH/EDH
RP = 0.774
SG = 0,01605/VFWPA
SG = 0.90286
EFFBFPA = 80.51 percent

CONDENSER PERFORMANCE

Flow of Steam to Condenser = 3,608,066 lbm/h

FSCND = _

“TBATA = Temperature of Saturated ¥Water in HP Condenser A = 127.06 F

, TSATE = Temperature of Saturated Water in IP Condenser B = 125.67 F
} ~ TSATC = Temperature of Saturated Water’in LP Condenser Can109.75”F

Correction Factors for Off-Design Circulating Water

Inlet Temperature - (Refer to Standards of the Heat Exchange Institute in
Section 6.0)

HTCFA = Heat Transfer Coefficient Correction for HP Condenser A = 1,101
HTCFBE = Heat Transfer Coefficient Correction for IP Condenser B = 1.065
'iHTCFC = Heat Transfer Coefficient Correction for LP Condenser C = 1.065

Log Mean Temperature Difference

TIMDC = (TCWO - TCWI)/Ln[(TSAT - TCWI)/(TSAT - TCWO)]
TLMDCA = 16,36 F
TILMDCB = 20.90 F
TIMDCC = 15.22 F
v
112487
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Terminal

TTh
TIDA
TToR
TIDC
FUNDC

FCNDC
FCNDB
FCNDB
FCNDA
FCNDA

Individual Used Epergy End Point of Each Condenser

Temperature Difference
TSAT - THO
3,16 F

9.45 F

9.30 F

Flow to Condenser C = FSCND/3 + FSBFPTB + FEXT4 + FEXT3 + FEXT2 +

FEXT1A + FEXTIE + FEXTIC + FIViA

2,024,660 1b_/h

Flow to Condenser B
3,227,349 lbm/h

Flow to Condenser A

4,558,968 lbm/h

UEEPA = 1,047.71 Btu/lb
1,045.29 Btu/ibm
1,024.87 Btu/lb_

UEEPB
UEEPC

QCND
QCNDA
QCNDB
QCNDC

Bow -

Heat Transferred to Circulating Water in Condenser

1,269,487,071 Btu/h
1,112,344,039 Btu/h
1,285,791,473 Btu/h

Calculated Heat Transfer Coefficient

ue
AREA
Uuca
Ucs
uce

= QCND/(Area of Condenser x TLMDC)

150,000 £t2

517.31 Btu/h -
354.81 Btu/h -
563.20 Btu/h -

Corrected Heat Transfer

ucxe
UCAC
UCBC
ucce

112487
9255291

]

U x TCFCH

569.56 Btu/h =
377.88 Btu/h -
599,81 Btu/h -

ft2 - F
ft2 - F
ft2 - F
Coefficient
ft2 -
£t - F
£t? - F

5=30

FSCND/3 + FCRDC

FSCND/3 + FCNDB + FSBFPTA + FDVCND

IP14_000904




Cleanliness Factor

CFC = 100 x UCXC/UDCYX
UDCX = Minimum Cleanliness Heat Transfer Coefficient
CFCA = 569.56 x 100/603.13 = 94.43 percent
CFCB = 377.88 x 100/606.26 = 62.54 percent
 CFCC = 599.81 x 100/604.26 = 99.26 percent
112487
8255291 Ge31
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6.0  REFERERCES :

"Fluid Meters"; American Society of Mechanical Engineers - Sixth Edition,
Hew York, 1971.

"Plow of Fluids"; Crane Engineering Division, Technical Paper No. 410,
New York, 1985. i

“ASME Steam Tables"; American Society of Mechanical Engineers - Fourth
Edition, MNew York, 1979. :

"Steam Turbines, PTC 6.0"; American Society of Mechanical Engineers,
New York, 1976.

"Steam Turbines, PTC 6.0, Appendix A"; American Society of Mechanical
Engineers, New York, 1982,
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"Steam Turbines, PTC 6.1, Alternative Test"; American Society of Mechanical
Engineers, New York, 1984,

"Performance Test Report, Unit 1, Volume 1, Turbine Cycle", Black & Veatch, 1

Kansas City, 1987. . , i
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1)

2)

3)

4)>

-5)

7)
8)

9y

10)
i1)

12)
13)
14)

-

ELECTRICAL LOAD CALCULATION

SECONDARY WATTS = ( COUNTS % 0.3 )/( TIME(hr) % 6.0 )

CORR’D VOLTS = READING * 120./CFVOLTS
119.80

A PHASE ; CFVOLTS =

B PHASE ; CFVOLTS = 119.94

C PHASE ; CFVOLTS = 118.77
CORR’D AMPS = READING * 0.1/CFAMPS

A PHASE ; CFAMPS = .09982

B PHASE :; CFAMPS = .09991

C PHASE ; CFAMPS = ,00996

POWER FACTOR (PF) = [1]/([2]%[3])

WATTHOUR METER CALIBRATION FOR TEST VALUE OF [CORR'D AMPS] AND
[POWER FACTOR] AND [corr*D vours])

CORR’D POWER FACTOR = [4] * [5]
CORR’D SECONDARY WATTS = [1] * [5]
PT RATIO = 115.0
PT CALIBRATION = 0.9986 A PHASE
S 0.9986 B PHASE
0.9983 C PHASE
CT RATIO = 5000 .
CT CALIBRATION = 1.0000 A PHASE
| 1.0000 B PHASE
1.0000 C PHASE

KW = [7] % [8] [é}-* {15] * [11] /1000.

TOTAL KW = KW (A PHASE) + KW (B PHASE) + (C PHASE)

AVG. (PF) = [PF (A PHASE) + PF (B PHASE) + PF (C PHASE)]/3

IP14_000907




RPN R PNEUE SO T RO S

4 D000E

b b i bt

JE T T R SRR TR

*

&8 AOVIIBB NS AMTHO3 Bwi33IE weinid

Jive iviu iu
= Ll0d 1936 IawA
G351 438 W01 53

2
|
=

-

e
LRl
® LBLLOE

O,

Q
L PEE | W T80

&
8 "
“3'

@

CREE [T T
I T )
u SIWII0_o-SuIow el .
#nid aglvisind - & i .
0 Gy o st Woia g St L 8 S S e
bals OO @5 e GOl s95 $IWGUE sevIET Teery 961 MO
e §36 00°  GGY B e BT ¢ FPE 7 B AN OUOGZE 63598 SRV EIII)  GR1O3Y . @)
Ll
2l oot i ol o2 ,
HE Els# ¢§ Bles glak Bl
w8 e - ot 0 oley 4 Y
b Es b -z ® ~iE Bt
= ® .m @ ] - s -
» | R T0 66 Jn 36 o e ELXiM ] 50 56 1w 1 6
Bos o WP, . LT Gi97 |~ GL 67 | 167 > ‘
4 k4
\ A M_ 3 o - Z - Z 5 Z s 7//— A
PET IR el gege @1 g 9 g oesz % 3 1893 _1 ERE
i 3 - st 1 P sy (@ so18 |~ 40w
bl oy
% et el td e ®sa o
w b e P [ 2 e
g $ =5 45 e
ot e uis o = 13
*la z b B & b

)

EX K 1] £
w0 " O Zan [ RAL R ] =
¢ PEN wrws WL * 470 & 2

w S18EM s CGEDW B SRELHE & =
¥ 0o D o T Quin
: L RN gl & 8
" =
® Ly
B »
8

535501 80 8 88
13 27 BB § 13
$35,0% Gams Wity | B SUTE - 4400
$5dd P OIgew G | I WiveInID SS0ud
WHITYS WIOS DB 1V N
e TODDEE « S B O3 u
1L VDR VBB

& B

LR
W BOSOLOYF

: WO N3
Euuzar(..ucuo.u_zl

A0 NIVKIHOS B AnBIOHVIMY NOILTVEIND

LA x 19
WG

ol

LI
o

W

@]

4 0WE W L

- W OIELerE

& B'vn w 0erh
e

WBLT BN 8L

5t

®» B
R
wsd TBIE
W Weles
LA
Tt
w e

IP14_000908



606000 Pidl

ERTRACTION ARAAMCEMENT ¥ SCHEWATI GoLV e A
CALCULATED DATA - HOT CUARANIEED

MM'I.O'B $030%, % GF SAET SIEAN CoMMITNS OF Ledd PIB M woLe ¥
::oaumt TnT e TuRSBAl Wt FASS Mag F1,00, CONSIDEMMG JARATIONG W1 FLOW

COEFPEnS
'-lliﬂ Vlﬂli. W 'ﬂ.l!”ﬂt O Ghabw AREAS, SUC. Gerw WAV APFECT D 'lﬂ. e
BC QLSKHED POR & GESEW FLOT MATHC FLOV PLUS 5.6 le" oF SREIIG w

a§fags, 9

m BEsEN FLoe AT 25322 Po sl mond ¥ 1 gactoon

$344.3 %

B SIECY. U - T
SA8% CERGRATIR BUICT.
oUTPeY~ BYLOR Ww

UL
wheE. UW CEW LOYIES
e fon

ill n“&‘oe

] nmn 0 l!mu %
W ® 'Hl. b, 4

e - wnsd 0 N'H wtﬁ
G M REEeWOE £.90 Mg

CUSTONER BEFIRED
YALYE BEST POLWT »
WY BEAT MAIE

CALEVLATIONS B4 W08 2 0.24 7 L.9D U WE 4BS.  AGD PCT W
04T A4ME LiEam TAgRUS 306 9 LEE Jeon wre
- PLOW-L -'!l R ¢ w1
PRESIARE-PEM ®¥a 90 PF QW
- EWTHALPY-BT0AD
TEWPERATINE-F DECRIES

ot voBoels & 2 ew@




S0 G W00
ware &8 8 wwoele (F

ﬁ.u © P@raels
fhals BOBE B w 231 EBpeg wuBiT Dete fBa
e g3e 080 08y B op 86D ¢ PUR £ 98Y ub o0l IV SRBIVIIWS - SI0EY

i

B MNLIBGOE ‘eNaad !g Tl

4

@y ouv, W ..cm

ﬁ
‘€8

s DEAEND o6 isndlnds 9F $NN 530 Swivid 8075 6OTI0 ¥ Wls GIII0 JwdB 5 e
By o0 Bd 130dsv iW e BUE vl SHAveE o6 (IPedTL B4 1E0We THITenT sdus
$Ebadind #012 w Subiverd Sedkhiend ‘8Ll foeg Sive VEE BelhE Bl gver Jundiv B3
: § BO0B Bv Be TPUT b SNUIBOT oIS 1B%e ¥ b WELEE 1 80N Dmiub
BIheevun3 gl « vewl ALY
\ /] ) A0 Dawipadd B NPMBIMAUD RGeS IEKD : ; \

£ £

VA

IP14_000910



e et 1l b i 1 e S et e, e

bl i i NNy,

S A

LN ’ o9t g 107 , B AGNLIBNBOS TANYSI0D LT WUINID
€0 Qvee w2083 1 4¥IES . . : 4 b W

‘ “ s IO 4 BUNIVIMIL - L

316 LVIH L3W
FVnig-AdWHING - o = [E104 1538 3ATWA
O 4d 08 YaR TOOEE -WID wiSd-TUNTSTud - 4 GBS0 WIH0LSND
3 ohnt ¢ ool Gi6E O] SEa0Y - o )
sl poEE 51 M 00E 21 SIIVE WYILE ISy L5060 N0

160 434 0O SGY M 06 @ / 9T 4 BEY . Mk TOODIE UISVE SHOLVIIIWD - ONIOTD

£ g -
” B gy 13 ﬂ.\ % &8P
Elf Bisd Ejar BlE3 KfE
g B e ' &2 lE iy
3 g S5 5518 i o5 16 58 a6 18 e
\ B e HY = TLOT |, Tiee o UL T e 391 - HY
k3
i Q_ B 5 A 5 = Q ,
4o e [T 1 ven ey 8 1 oeng 4 i
LE IR - " » & 7I .-.,. 4 138 L
‘ ) m_r. . .
. i ® @
I =

gL
0
1o

&—HW‘
o
@ B et

H BEeOL

4 OLOF W ST

& THL ML

W R32V8

692 1 volE

s25301 833 &n se8t
PR BLISTR~LAJAB0
£3150° Ouns By Wk
YN ARV N | ITTE WLRINT S5000
e ey G
T e T8 Y 30~ wd 1TV WY
AN4IND YDLYYRES

s <
=
W ODeeesi wEpen  visd TRl
s 85.3»3”. . 1 doot W 0By
A8 BVHUO Al ° I # $08m
o Cedt B s VI9GIYE

ATHD LVHINOS § INIWIINVERY NOLIVHLNE . L

IP14_000911




216000 Vidl

a8 wb 4D EXTRACTION ARRANCENEWT 18 SCHEMATIC DMLY

gannzey. M { CaAR] 24873, %
w0 H - E 233.4 P

wong ¥
L8788, woea ¥ WIS H

B4E.2 Poh 19603 W

_2oe2ee. u
[ATO

86, B
805 H

privepsieR i PRy 4

Wb ww FOED LOSSES

OUTAIT~4I0S KN | Somc. v Cew LOSSES
3600, fP1

- a:‘nns AT LS m W oA
. Seueis, w  38BAI, »
BEP » Wogt WIRS W DBLD W
GEEP - 430 W WBSS H  WRT.

BeT.9 W L0uE P

* t % bt 13 =
Sia 9 g
® Bs 3 g
i # oy =
& - P .
§ «] #83P o] EFS3P ol 088 P e e wf 8w P o
g s H § suge t & 3307 & prest Sl ey = wes T
& o % & ® NS
2 *I = Te z €] L.
® 4018 e “wg o 20 1D,
8l mo ot # g & glLaoBe,
gE™ i
&® ; .ol9
g x4
En §§lu
-,
L b4 B

LECEND - CALCULATIONS BASED $20000 KB U6B / £.24 / £.96 W HE ABS. 100 PCT W
LS8 . J60D mPH

O 97 ASME STEAM TABLES Tege 200 w.

" - FLOTLBAR o Wb, ¢ 000, §
P - PRESSURE-PSIA CEN- SBI00. H¥h 80 PF LG

'; . W~ ENTHALPY-BTU/L

HET HEAT RATE ' 410000 t - TEWPERATURE-F DECREES . :

) ‘ $3447 | DBOR®: 802 O W
CENERM, ELECTAIC COMPANY. SCHEMECTADY WV, a8 +8 7 1P

g g g g g o ey — . e b e o




€16000 vidl

& »
\_\ u
e . /(
a8 1§ e EXTRACTION ARRANCEMENT 15 SCHEWATIC DMLY
1336203, = REHEATER 1530 ¥ 1340807, W
2ees W s P s AUR. 9, PERFORRANCE BY
ezt W . CUSTORER
Eag.2 PSIA

Fs b

i3
gg-
"

CUSTOMER DEFINED

DBERED, ¥

: REFRTGR GiPoT
& mn
HEELECY PR ~TH W s S0 poeen racton

Unmenmu b SRS

900, %W 0EM 1,
3800, "PH
™ q.\"
@ o
; :‘; # @ 1
A 1 . ® ol £3 WEL.I AT 1S M HE .
A * = % I RO &
. - | @ e JL1268. %
2 14 - . ® Glg = TS M
z = g L] © wSLY %
Bz T g 298 9 We
&
iE 3 %
W
3 £ wlg
B & o
- " @) — ey o ‘ \
i o #8F ieee s e " [ y
wa ¥ Hed v 2 wnét b = a0 P
i g ARGk ‘
- - l\\‘ ~ !\l - - D,
- wl 2810 i JET R i TR Tawens
5 3l ng 8¢, # 8o p. gL.22 BE; g d
. oyl . Ey ™
Folm * ale o £ g g .
§:§ §Sg g:u L

LECEMD - CALCUSATIONS BASED SRUDND. W 66 5 £.24 7 L9 W MG ABS. 100 PCT M
0N 1967 ASHME STEAM TABLES TCHF ;&o . LS8 3600 fieH
£440 Taie W00 ¢ w0p0. ¥

# - FLOW-LB/HR
GER- S0000. Hva B0 #F LI

. - . P - PRESSURE-PSIA
YALYE BEST 0OINT = & 9587 # < ENTHALPY-BTUNS .
HET HEAT RATE ¥ - TEWMPERATURE-F DECHEES & L
) S3aat v DRORM LaBE  © 15
CEWEAML ELECTRIC COMPANY, SCHENECTADY v, . 4% Wb 140 4781

% wpey s L e e T T

g g i s g g s s gy

s g i R o e o 24 s



e A s e e ot Tt e T 3 - e okt s - ot oo s e v bl s i oo e

068 8H ZSh 18/0E/11  MHOA MIN *ADHLIINIHIS ‘ANGJHOD ITYLIITI THHINZO

r.mé\ NN xx oom: 5&.:9 HOLUYINIO
006 008 0oL ooh - 00e 00z 001

T
-+

posL

A
0oos

HH-MM/N18 - 3ibd 14H3H L3N

£
aose

0006

>

0056

00001

SOHOT 118 1Y SNOTLIONDD WY3LS d3iud ONY
MW 13d 1°°SS3dd "HX3SEH OH NI 66°C°h¢°¢*99°1 1Y 34H S3LdY 1H3IH 3SIHL

033INUHENT 10N ST 3AHND SIHL
NMEHO SHM 3AUND HOTHM HONOYHL SINIB IN3S3Hd43Y SINIOd 03710413
MOT4 ONTLBY 40 SS3JX3 NI SMOTJ 1Y ST 3AHND 40 NOTLHOd Q3IHSHA

111 84 18h__3INUTUG 1H3H NO NMOHS SH
NOT14H3do zomhu¢mhxm TUWHON NO 03SH8 344 S3LbY 1U3H 3S3HL

1 “000t/°0001 9JISd 0Che
Hdd 00SE G571 NI 0°0E 4931
MW 13d 0°1 "S8Y OH NI 66°2¢/h¢°€/99°1 MM 000028 0

AAYND 3ibd 1H3H LaN US2 HB 890

IP14_000914



SRS PN ; ot v . " i " .
i :

PAA“Q\ uw.xw

168 GH ZSh 18/10/21 .

¢>x omo 01 - INdiNO HOLHYINID
00°00} 00°06 00°08 00'0L 00°08 00°0h 00°0E

0orge

ao-pi

HUOL M3N *LOULJ3NIHIS *ANYAWOD JTHLI3TN3 BYINDD

00°g

oow

8

oo'e

MM 0001 - SSP7 WOLUHEANID

000t

g

+

oozt

"SOHO1 T LY S50 "3WNSSId NIJOHAAH 0300034 1Y A1171188dU7 HOLUHANTD

HOLHYINID 3HL NUHL SS3T MM 868 ST SH300D uzmxmmwwmmo» u>cﬁw mpwmmmmmmw mm%%mmwm mm%mmwwmommwm

(316207 34Y SUI00] AINOIT YOLYLS ONY NIDOHOAH 41 = (d) um:mmwmm N3O0UOAH G30N03Y 1Y SSOT HOLBYINID

JHL 01 O3FUHIJONHYL SSOT JHL “3NITT JIUSNIONQGD 3HL NI “(d -
“IAYNT SSOT HOLHYANID 3HL NI

"S0B0T 1Y 1Y

(030N7ONT 10N 34y mwmwmq THIINGHI3W HO1YYINITG INT8UNL - 34NSS3Ud NIOOHALH omhmm IHNSSY S35SH7T HOIHYINID

Hdd 009€ (371003 HOLINONOJ
L~ , . SS34d ¢H 91Sd E9 LW HAM 000166

S357 71 HO1BYANID

@ =

i

SALoN
u52 HB 891

IP14_000915



ON.

PR

e

CATAUD . Lbiaded ™ MEW Ly Wit s

916000 ¥ldl

K 186 e 14@6 . .'I'Q =

ARMULUS VELOCITY -~ FEET PER SECOND : : , : Ef2.0[80 & o :
/ e ot 9.5 de ‘?.‘!‘m?

P 0 2 R o D P A P e i s e iy

T T T T T S |



.16000 ¥ldi

A 4 B * i . . |

§
GEZ-358( ) g - # i
E-78 (2M) . o
HHHERATIE, : T e e e e
Hal HiH THE . CORRECTION 7O EXPANSION LINE END POINT FOR BEXMAUST PRESSURE

il iR T S H it L HHHTE (1) When expansion nne end point at 1.5 in. Hg abs Is in the moisture reglon,
' i , ‘ : i : use the following equation:

HH i N 1 {1t fioi RS - AELEP = AELEP,_(0.87) (1-0.01Y) (1-0.0065Y)
aBt s T ﬁ T il i - AL ¥ = Percont molsture of ELEPu% 1.5 In, Hg obs

g
t
3
3
T
*
‘4

.
;
!
-
e
5
e
:
¥
Tt

i : 11i2) When the éxpansion Hine end pelint of 1.5 In. Hg abs s In the
: e T it " superheat reglon, multiply the change In expansion line end polnt

e

: - e i Byt ; at O percent molsture both by the facler 0.87 and the rolle ef
] : HINGHB i P L it s i spacific volume of the expandion line end pelnt under consideration

sl A 1] i i i H 2 ik fo the dry solurated specific volume ot 1.5 In. Hg abs.
i | S it il { st L ey i |
T i A Al MBI ABIE LG i‘?& HHU ARt Steam Turbine-Generator Products Division
; Py it lah B bEaggauasi b Stearm Deslgn Englnsering
i SR N i ARSI R ekl : ,
“ e il s SHERE i GENERAL @D eLecTRic

' ¥
.
o
)

el

ey s

I
wes
T

L +
3

1
s
1
T
5 43
(% A
'
+
+
i
e
s 2
¥
+ S
»

gEuue
AN

5
=
e
e =
P

g = CHANGE 1N EXPANSION LINE END POINT WITH O PERCENT MOISTURE (BTU/LE)
2222
s
2E
bl
.
T

- g
H i H : e
15“ i 'yiny ar FhH sun
AR 1% t 1 1
fi 112 R iE:
] " h
1 - ! R
e L 4 - il
Hi 5 5! -+
. » e i
= $4s 0n
18 E] :
3 1 : b
13 R A
i H ; = £ aHAA i i
g T Y s
H ¥ 4 i % N y
H SHER HNGHLE i 4 i H
‘ i 11 AN E o vty iy
ﬁ iy i g5 ciMmotias n] ey py
> = - R
iix i} : T T - H
< : N b
sER RN ; B 25\ : .
- = : s an BEgs it -
ek
Sfau by B : + # - = b 1 3
35 10! + - L H -
1 Smid ol b [} %‘ i
b4 i PO g N e ;e
HitH < IEes - ! e : >
i : ot gl}""“ i< 3 o281 4 SETESEYE SEROA Mg 1y it b
: { e Enniinnia i geiis 11 :

. 'EXHAUST PRESSURE (IN. Hg ABS)




. - ,
; T - Ty TYTPITTTITTY v :
: vl veniy st ey " . . O TIiT T 5
) s ; T
¥ - : T e
f ; .
y = : r : :
i T = ' oty : e T Eee. T 5 .
piived puibend 1 Ty L Tt 3
frgs gab: : e ey et I EEataenann, ; eeeesasal -
Ml ¢ WS ) ooy % i + rmmw e, 4 + % oseioferinpedod + 4
3 iy kex
[ perp potes e > e Sease : 1
St 3L = = ; :
. : 3 ; . 3
> , : -
R e 3 Function = 0.87 (1-0.0IM)}{1-0.0065M)
Sl I =
b Gt pSwad in ; -
Eerl et piety fo i kty Buwmd o e 2
s s $n.w 4. L‘ PR ot
N Sresy ssit B s T T : + §
: H e Bt st X >t : L : 3 ; .
- - s !
T s mysy Cx o " r——— s oo .
5 % e i Fa s 5§ o ® - 3. ¥ -~
o Soptd e 3 . T T e T P 5
- e s 4 . WA Ayl ™ i " Tt %
I o . . pal 5 Y ‘A %
- e ke
) == T ST Lo T ] A
4 X e 3 i T E = * T
e o gt gt pusing s Siuligss skt § vt 23 X s : X
- 1 T -
T — R e ] s .
: : ey : T T §
e T s . z T : 1 2 :
: e
- e e s
e v = ] 7 - : : 3
: oasp b - Lol + o o - K "
e s hY ot Sune N 'Y e . kS A k) Y
Sl rprtiany By oy ,}i. B R S et prae b " % : , s .
B Pt gond e N = ; :
[LocRs i wp IL° prtgn b 7 s o2
B P g : P RN S Bnpdie ¥ ey [y - i . % Ll
. SRS et ey e e : o : T St -
Sy Beghts g fiigel s i S |2 gl hyvma Mopon 5. - -
= P ) W ST 1Y ety B i [ Sy & % T e
i - pposin Musubig-pibeplok ..3\ RS Suieng Sgs g e 1S . ; : e . " e :
s Rt potet by i : 3 : :
s T s b - s 3
. Tk Bt slebs Ry Buiie B Ws Siaey by Ravir Slehs mebou L > ; e : peEEETe - -
it Bugla Sleat ol poturs S PRks gty i e i
- FORYS PR Yirumy trspdy el 7L P piiviape: wrmg s oy . Y Yo 0 .
e . T — : : T + :
. Tetee SEoal T e R T = : ; fhe o - yatas 3
: warads 84 friiie Bty £+l piings Eptis Sodas Sioal iy Rt wie Ehee S : T g
) igs B I 4 ; e : : ey "
T Bt ¥ - ety 3
oo s D Sl et pang 4 : Y i s e
. S g s pek=t yy berty B T "
. S i 1 i o .
. i : e oo vp g : Kmaus
: h f - >
- e iy e '
. : ¥ e b
[ Stpaere 5 : - g o T §
; S T : e {
- groen, - - 5 T T T ey 5
S ey e ‘Qg
N .. ‘\ - o o o o kA ‘) ES t‘J - :
- = b= T 5 = = : !
: o ¥ o = = : : s :
- ety - - = e Tl 1 £
[ - ;o y
“ = i T o : 5 : : - 3
: (8] : =% : et e ; T
= : 3 o B e . ST ; ;
- st v o % ” # - g o L 4 N
: e S : ¥
=1 ; TEm—t e R Ee s FEEE
- - e
: £ o e G - : _,
) AW . "'y * iy s e
; = o : Roen e
: ul ; ; T8 1 ; T
LR N . T T, Ex g 3 g y = o
o - : g e Eas s, :
: -
S = p— 2 ; :
[ : o i gy b : et : e : : bm=mn e sEEzcoc,
_ . : s T
a o et = e R sut g e ! - -
— - : -y ; T
' b oo g P - -
O s 'y o e v -
: e = :
= : : % T T e T :
: - : T T TR oy T +
- - - s . T i S
fr s e e Y 1 . Ry et EEaknuE wmanr ra
T g y T g * i T T o
; o m_b 5
: - ! o .
: . = cestan : !
g Eyvay it yaont . : i
3 e Sy dmnn -+ ]
< P - - 0 3
: b fegariog oy 4 % :
. > T s :
- -
e Sapaing - s oy
prne iy xS by - -
=Y
e v i Srvy N . P gtesies g :
) T : fd Eovion mg £l Founong e X
e SERRIris el Fenps buugs Suwhy cuvll phaed fe Yot bee "
P Yoinr s s SO i NS b g e
IS B o e it bt £ il Ryt foussibns sdbiag Riating Sk Pt e wgihorg " S
o I o5 -
i SLITITITIR LS & " i o -
PPl ulniit By Py gy AU e % g pen ey > - -
e e e e e e e fotesty s e . te
P gt Sy DAAPAVP SRR SO0 S gt Pl aedng odpbirainsis o
YIRS R fhvpiy [ P DT PR renY (S B G ¢ § WSS W G s o8 e e .% o -
Dl Bt Sk St DusGgl Sepatios S PGS SIANS MvGRT 1 Sgrairindiyg Jupdoipg Wehii iy -4 o
e L O s L TS DRSSy S iy - P R e
R iy gty WEAL e Kt Pl ottt bt Bkl WS DSyl phbies e wbputpuipe %
" g it g g S - .y p—
EONTERALLS Ruelbs Kyt moa byt nebes aakiy b i oo e
N oarce - s e
o o e e e g b T [
K T ] T =
; i Py e oo e .
Dontgrr ) Frorm oty "
pr TURBINE DEPARTMENT e s o
PR —y o e b e
ML s TR : : -
A STEAM DESIGN ENGINEERING  [-=T= A . ,
o LT it eI & ; -
et bl mIIT TR = :
. i GENERAL @ ELECTRIC [ = === .
n g s PR il e . E 5
[t R S RTE .
TLEITL
- PRSP avpvy PUpANS — PR Y PR ' “
T S S e e ;
B et Reasy Hph o bt bt g e 1
; sy PERT LSS o s e .
% e ddoet y.:'::'rz::_'i:::":;:: LLINIRIT T
. N s P4 S orbet buivke bygue blaty ponid ey L
: M (% MOISTURE]
o . -
of ¥ -
: ; ) F
GEZ-B5834

IP14_000918



EXHRUST PRESSURE CORRECTION FRCTORS

820000 iKW AT 1.66/ 2.4/.2.99 INHG-RBS  1.00 PCY U
TC6F-30.0 I LSB 3600 APM
) €400 PSIR 100071000 T

¢ s
;'Q‘ R B T e [Eg——— .
1 B S DRSS § 04 Tel cnpu- 2 Cegstecgefe o
.3.,., ter i HHET R R R AL g
[T P ovild 4 el o i B b oewas pe s
- = o . T e
weoslabepuisdtgontphed w [ Jredies N pi1Ese
HEERY PE RS FRTY ..r P 1 gogqdoaf gl e bl Lo
s s -fassg .c’d- & Gog yqt .2 » 3 G4 be oo
@ 0w fw s o g rn w S fomns g 9 Qg o s § 3 0 (e
) ;7}‘ Jrirvdé F 4 ]‘.‘ AN § .H . e .
- R e ® . ® o » & - ety PN
; rpen IR R G L] ) e e
_ ISR I il L S amy
3 N H 3 e
@ LRSI LR e 3 <4 Y PET Ay By Sura
. i H isgedengw SRR XY velgeg I RS X .
2 e fe .A‘a" . g o el & T EY £}
v $0df cedige dap 4 wy g fof bojop d o wag
E PG IS ¥ ¥ S 1N . . IR £
& wo oo b: beg g fubag b ehos o st + penr Souy SOREE i1 - RTL. )
..;.1.0.,‘ ...It.s = T =T
' . & 'E) R R = et * b o § gt o e « + 8 s
o sheoqgbdloogoe ¥ ot I £ -d
it d AOOPS B4 4§ St : RY By ¥5 W il o S0l .
{ E o o] eoaejsbdolfueo 7 o e '
N TR IR IR Tt puaguunppdppdynl’ 040 S gt TR
5 T S B S0 Y P a § AT BIETTH LBAR
gt o d & Gk o % 4 i sy oo
3 -?-qi [RR SR PGy as | Y .
=8 Tl T s e b 4
PO oae lprondoomado syl L o s |
. e v g e pagirg o e plus n oy o & o o St o
e g & .093 - = o Lo o
gl BT BR S E s o s ti 110 e b
. pry ek
[~ . .
IO FING4 g Pagag s F e - e § on |
cpeslooisdgroqgdaiiaidud ! @ gomy an s ¥ > B =
%B ww e o ed g wd b vy e " - mup
| - Y DAY I & pty N I
- e we o edwg sdhgeo T 4 by g s § -
“rurden gl mdd o s § o :
PO PO 2 By - - gune My Sy g
- % - [ o pabding % b e Ye——
3 SRENY TEUNS SO eI P R o og - o SY TR BRI LIS
8 ey .w_»--.-ld.q.‘: et g g gy b B E
E"z P8 g g wing o vame down G b il d o s
[} B . [ .ai-(. 4 [ R BN bowms o
el NI D000 POTS Fhe 04 hiw o0 - wibuw frnavw ¢ $ 4 ¢ libwe &
TEREE R IEY I I l.I- - b Lo o e e Guy we Bees
| ® g o atd RS d 7 K3 ot Bl & S o das 5 G »d - wm
R R I L L ey Py Py
¥ wh - dwrigle Sedew 4 4 FUN QVR S R
8 CREPIe Wipep.» "9 ol o .
3 it peeh el 17 <2 o s saseaa; =
P " 7 3 m i
h . PPV I IR ¥ g ¥ - = a4 » e
codef e tim o i qmmt b oee g a e [V g
P ek o mon JO § al Jan PP S
N FR SIS i A e g 6 o & iy o B BRI
y - %
» cebeldesdim A o o 4 e
) . FETET T ..! o o b o ooy o8 . ha e ..1 L
[ 1 JRh ek guiris § o g o P u Paiiont Sepeit
] LR Y Paen S o et 0 P
e cfecatqoocofrm - 4 e s
s .,aif.o& . s B o o comm §
v ki
‘.. IR NI BN S R UTY B I oo PES—F E
MEIPRR R 5 i o i pop—_—
s Y i
- S R -y o dpiags oy s ey
PR QN JEARQENAD JRaa e [ -
glruasnli=hs = e =
0 - e g g oum ot v oo ‘1’
?’*..o - o sl qante e e oo -
- -
# sgcseddesmn .&.‘.’ P .. . 1 Pes——
. . H oot il M —
. = Ml Yol sadid o o ) .1 : el
8.80 .60 &.80 .o .00 $.m
- EXHAUST PRESSURE ~ IN WD RBS

HETHOD OF USING CURVE

VALUES NERR CURVES ARE PLOMS AT 2400 PSIA 300D T

THESE CORRECTION FRCTORS RSSUME CONSTANT CONTROL VRLVE OPENING
RPPLY CORRECTIONS TO HERT RATE AND WM LBRDS

AT 2.99/ 2.24/ 1.66 IN WG RBS RND 0.0 PCT MU,

ugr #8 €IS

i

THE PERCENT CHANGE IN KW LOAD FOR VARIOUS EXHAUST PRESSURES IS EOQUAL 10

L (KINUS PCT INCRERSE IN HERT RATE)100/0100 « PCT INCRERSE IN HERT RATE)

THESE CORRECTION FACTORS ARE NOT GUARANTEED
PRESSURES RLONG RBSCISSA ARE PRESSURES IN HOOD 4

. - PRESSURE (IN HG ABS) FOR HOOD A HOOO 8 +oop €
1-% "'1.09 ]
2.00 .47 1.07
: £ *2.%0 1.85 1.%
. - © 300 2. 1.88
R 1 _ 3.50 2.83
= :
a

1.86
4.00 5.03 2.27

' 4.50 3.42 2.58
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| % CHANGE IN

KILOWATT LOAD |

é

&b

(’% Increase)

INITIAL PRESSURE CORRECTIGN FACTORS
FOR SINGLE REHEAT UNITS

Va bead

Y, Lowd

~ ~1 Reted Load

3 {% Decrease)

) R
o : ‘\\ S5 TN R R

Ruted Lowd

Y load

e O

]

| % CHANGE IN HEAT RATE |

a2

Yo Lowd Pl - 2 1 (% Poorer)

Yo bomd el TP

Reted Los. o 5 M

- 8% r1A

% CHANGE BN INITIAL PRESSURE

{% Better) 1

GEZ-3614

4—-81 {2M)

1

These correction factors assume constant controlvalve
-opening and sre to be applied to heat rates and kilowstt
ipads #t rated steam conditions.

The heat rate et the desired condition can be found by
miuitiplying the hest tats &t reted conditions by the
tollowing:

The kilowatt lpad st the desired .conditions can bs
found by multipiying the kilowatt load et rated con-
ditlons by the following:

These comection {actors sre not gusrantesd,

% CHANGE BN BITIAL PRESSURE

+5%

METHOD OF USING CURVES

1+ % change in gross hest vate L
100

T, change In kw load
P

+8%
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INITIAL TEMPERATURE CORRECTION FACTORS
FOR SINGLE REHEAT —SUBCRITICAL PRESSURE UNITS

| % CHANGE IN KILOWATT LOAD]|

SR
Vs Load . i t {% lncreass)

Y Lo e
Reted Lowd

o° “+50°

P P

—s0° Co bl Reted Load
CHANGE IN INITIAL TEMPERATURE (°F) =~ ! — e

Va Lowd

(% Decrease) 1 -

P

i
[N
H
1

METHOD OF USING CURVES

These correction factors sssume constant control valve
opening and 8¢ 1o be applied o hest rates and kilowstt
ipads at rated Steam conditions.

. . :

1. The heat rate st the desired condition can be found by
‘multiplying - the -heat rate at rated conditions by the
foliowing: :

27, change In gross heat rate

1+ T

2. The kllewstt load st the desirsd conditions can be
found by muitiplying the kilowstt load at reted con-
ditlons by the following: i

9%, change in hw foad
VT

3. Thess comrection factors sre not guarantesd,

| % CHANGE IN HEAT RATE |

. - :w '2

1. Dol 1 i

1 - o g h—---w»':‘ s e il e z

oo i ' i
i ot L i -
Roted Lowd — i | | R B (% Poorer)
Ve bemd T . et N SR
- GO 4o
CHANGE IN INITIAL TEMPERATURE (°F) Sl poeey e b T —— | Y Lowd
L bl T ered Lew
(% Better) "1 ——tri B
a: t H | A SRS AV
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Y REHEAT TEMPERATURE CORRECTION FACTORS
FOR SINGLE REHEAT UNITS

[% CHANGE IN KILOWATT LOAD]

3 gt G
1T Ve Lead
s Loud

g futed Lowd

{% Increase)

B +80°

. CHANGE IN REHEAYT TEMPERATURE (°F)
R

{ % Decremss)

Tt METHOD OF USING CURVES

Ruted Load é’;’ NE

RS SR e s Thess comection {actors assume constant contrel valve
opening and 8re to be spplied to hest rates and kilowatt
' ioads at rated stasm conditions,

1. The hest rate at the desired condition can be found by
multiplying the heat rate -3t rated conditions by the
foliowing:

% change in gross hest rete
T = 00

2. The kilowatt losd at the desired conditions can be
found by mulliplying ‘the kllowatt lpad .t rated con-
ditions by the following:

o7, change in kw load
LI T

3. These comection {sctors are not guersnteed,

[% CHANGE IN HEAT RATE |

P

E 1 {9 Poorer)

- GO
CHAMNGE BN REMEAT TEMPERATURE (°F)

% . (% Better) 1

Beated Load
¥, Leoad
Y Lead

GEZ-3617
6~75 (2500)
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GEZ-3618
675 (2500

REHEATER PRESSURE DROP CORRECTION FACTORS
FOR SINGLE REHEAT UNITS

[% CHANGE IN KILOWATT LOAD]

2

Ruwiod Lond PEAN
Yo & Vi Loods ommkis,

5 1 (% increase)

Sy %
-1

‘‘‘‘‘‘

0%

5%

9, REMEATER PRESSURE DROP

R o

(% Decrease) 1

T Ve & Va Loods
=17 Rated Load

METHOD OF USING CURVES

These correction factors assume constant contral valve
opening and are to-be applied to heat rates and kilowatt
toads at rated steam conditions.

1. The hest rate at the desired condition can be found by
muitipiying the heat rate at rated conditions by the

foliowing:
1+

% change in gross heat sale

160

2. The kilowstt losd st the desired conditions can be

found by multipiying the kilowatt load et rated con-

ditions by the fellowing:

1+

9, change in kw load

100

3. These correction factors afe ot gusraniesd,

| % CHANGE IN HEAT RATE |

b R
RN DRVEE S S o i
: - ot i :
- e , :
RUEE SR B S Ll b o X
S - - : s, R
0% |- o ___,_..,.-—---—-“‘j“"""' b

L ol 9, REHEATER PRESSURE DROP

| i . { % Battar)

13%
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REYNOLDS NUMBER {Based on Throa{-, Diameter] (in 1, 000, B30’ S)

q"CK“\/T‘_

qa = Actusl Flow Rate (#/sec)
C = Dischargs Coefficient — Diménslonlass
h = Pressure Differentlsl in Feet of
Water ot Run Temperstureé
Kpg = Metor Constant = —D/21% Fe_
Vi g
= Thermal Expsnsion Fector =
« Throst Ares (ft2) = -
@ Locsl Acceleration of Gravity (ft/sec?)
= Dimensioniess Ratlo of Throat te
Pipe Dismeter =
Upstream Dismeter =
Throat Dismeéter =
Dlmam!om By DANIEL

@ 8 w9y
w on

4, 3p92

1. 8005
0. 5263
32. 163

9. 4233
|23, 250
9. 842
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" TAG NUMBER;: .

MEAN. - @. 8865 ABOVE THROAT
REYNOLDS # 2000080 Y

TAP SET # 8
FLOW NOZZLE ASSEMBLY
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'OANIEL INDUSTRIES. INC.
PO NUMBER: 77258
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REYNOLDS NUMBER (Based ori Throat Diameter) (in 1 DOO.000’S)

Lot

qascxn’Vh

= qu.n

&

et tant =
vMeter Constan Jl_..-? .=

Retual Flow Rate (ft3/sec)
Discharde Coefficient - Dimensionlesa
Pressure Differential in Feet of
Water at Run Temperature ,

av2g x F,

Thermal Expansion Factor =

Throat Area (ftz) = : '
Local Acceleration of Gravity (f.t/'secz)
Dimensionless Ratio of Throat to

Pipe Diameter = -

Uipstream Diameter =

Throat Diameter =

Dimensions By: B, 1.F.

7. 8060

2. 7432
1..0008
0.3323
32. 183
0. 4838
18, 142
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CTAP SET # 1
28 PTC-6 TEST SECTION

' SERIAL NUMBER: CS9@916-1
B. I.F.
PO NUMBER: 85797-KO
SEPTEMBER 16, 1985
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REYNOLDS NUMBER (Based on Throot Diameter) (i 1 000,000’ S)

:

qa-CK“Vh

qag Actual Flow Rate {ftalsec) : ‘ !

¢ = pischarge Coefficient - Dimensionless

h = Pressure Différential in Feet of

' Water at Run Temperature .
avlg x ¥, | | , TAP SET # A

= Meter Constant = L= - 2.7262. 18" FLOW NOZZLE ASSEMBLY
VAN ,

.= Thermal Expansion Factor = -1 1. 0008 : SERIAL NUMBER: 85-110134

= Throat Area {ft") = L, | s DANIEL INDUSTRIES INCORPORATED
= Local Acceleration of Gravity (ft/sec”)| 32.163

= Dimensionless Ratio of Throat to | . PO NUMBER' i-PO“BI‘;SQ
Pipe Diameter = 0. 4525 MAY 15, 1985
Upstream Diameter = 17. 254

Throat Dismeteéesr = ‘ | 7.5080 ‘ '
bDimensions Byi DANIEL ,
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REYNOLDS NUMBER (Based on

q, w O x ¥ b

:qa
[+
B

- QY| w”"r 37!

% & B B

Actual Flow Rate tft fBec)
Discharge Coefficiént - Dimensionless

Pressure Differential in Feet of

Water at Run Temperature
avig x ?a

Heter Constant = j . =
Vi - B
Thermnl Expansion Factor =
Throat Ares (ft } o= )
Local Acceleration of Gravity (ft/secz)
Dimensionless Ratic of Throat ¢o
Pipe Dismeter =
Upstresm Diameter =
Throat Dlametey =

Dimensions By; DANIEL

T et it o g g g g ot .

2.725%

1. po08
0. 3324
32. 183

0. 4523

17. 259
7. 8070

it & g i g s

Throat Diameter) (in 1 000.000’S).

TAP SET # A
18" FLOW NOZZLE ASSEMBLY

SERIAL NUMBER: 85-118135
DANIEL INDUSTRIES INCORPORATED
PO NUMBER: 1-P0-81459
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